Xl 


Het 


PHILOSOPHICAL 


On the following Subjects: 
oy 5 


mation of CLovps, Rain and Dew, 
and on ſeveral other Phcenomena of 
AR and WATER. 
7 . | 
Obſervations and Conjectures on the 
Nature of the Aurora BoREATLIs, 
and the Tails of Comets. 
B CD i 
On the Principles of Mgcnanrcks. 


4 * 
pn ů — —_— — — 
ꝗ—— eons — * 9 — — hams rn 8 


r 


On the Aſcent of Varyovrs, the For- 


B Y 4 
HUGH HAMILTON, b. p. p. R.S. 


Profeſſor of Finn in the nn, of 'DunLN, 5 


n 


*» 


i THE FOURTH EDITION, 
| FOI from the Second Edition, Improved and 
- Tong 


* : 
; —_— —_—— 3 
ent * 
* M . k 
* he a n 
— — — —_ — — — — 


1. 0 N D 0 N, 1 
Printed for C Novxsx, i in the Strand, 


2 : 

8 N . 
bo * 1 105 ” » ©* * 
* 5 x 

> . f 8 0 292 
. - W 4 
= * is + F 1 
. - 
— . 4 


- 1 


= . * 
KA 
rc 
— 10 
* 
* 
0 * 2 
6 0 5 
* . 
1 
- 
* 
* 
- 
. 
* 
J # 
x 
4 » 
- 
* * 
= 
4 \ 
7 
— 
7 » 
* 


TO 


The Right Honourable 
FRANCIS ANDREWS, LL.D. 
PROvOST of TRINITY Couuzos, Dust, 


One of His Majeſty's Moſt Honourable 


PRIVY Council or IRELAND, 


TREE FOLLOWING 


Are humbly inſcribed, 8 


By his moſt faithful 


And obedient Servant, PE 


The AUTHOR, 


9 


„% 


4 f dee” 
Wes Lore I RT CE ia a _-. 


* 


© Ef 7 


1 Ion aac 


£2 ae ro nt oe rr ern re 


— 


AN 
E 8 8 A * 
oN THE 


ASCENT of VAPOURS, 0 


rue Formation of 


CLOUDS, RAIN, and DEW, 


oo 


And on ſeveral other 


Phenomena of Air and WATER. 


> —— — 
© 2 —ͤ·ÜͤÜ—L̃ 2— — Pans ey 
— — ynie aieo g 


Sore ont re ae © = er A 


* 


een — —— —ů— — 
1 ve a — — — 8 « 


4 * 


þ . r PRION * — 2 
HERS rs ments wigs a9 — ——— — 


1 


1 


ung 


3 — 


theme e of the Nerue 
of Evaporation, the Aſcent 
of Watery Vapours and ſeveral other 
Phænomena of the Atmoſphere. In ex- 
_—_— which 1 ſhall FE W _ 


* This Eflay was read at 2 Meeting of the 
Royal Society on the gth and-16th of May, 1705» 
| communicated in a Letter to the Rev. Charles 
3 Dodg Jon, D. D. F. R. S. now Lord Biſhop 
5 Offory. Vide Phil. Tranſ. Vol. LIV. To ore 


ſome Additions and- Improvements have deen 
| ſince made by the Author. 


A 4 Principle 
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Principle very different (as far as I can 
find) from any that has hitherto been uſed 
on this Occaſion ; whereby I ſhall avoid 
thoſe Objections which late Writers have 


made to the former Accounts that have 
been given us of theſe Phænomena, and 


perhaps deliverſomething on this Subject } 


that may appear ſatisfactory. 


In all the Accounts I have met with, 


Fire, or Heat and Rarefaction, by which 
Watery Vapours are ſuppoſed to become 


ſpecifically lighter than Air, are made to 


be the principal, if not the only Cauſes | 
of their Aſcent into the Atmoſphere. | 


Doctor Niewentyt, and ſome others ſup- 


| poſed, that the Particles of Fire, by ad- 


hering to thoſe of Water, make up Mole- 


culæ or ſmall Bodies ſpecifically lighter 


than Air. And Doctor Halley thought, 
that by the Action of Heat, the Particles 


ol Water are formed into hollow Sphe- 
rules filled with a finer Air, highly rare- 


fied, ſo as to become ſpecifically lighter 
than the external Air. This laſt was the 


7 Opinion moſt commonly received, as 


Doctor 
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Doctor Deſagulierr tells us in his Differ- 
tation on this Subject (publiſhed in The 


Philoſophical Tranſa#tons,” in the Fear 


1729) in which he examines and refutes 
the two former Opinions, and endeavours 
to eſtabliſh his own, He aſcribes the 
Aſcent of aqueous Vapours to their be- 
ing turned into an elaſtic Steam, and al- 
ways rarefied more than the Air is by 
the Degrees of Heat, to which Bodies 


are vlan ſubject in the different Ser 
ſons of the Tear. Ck 


This Opinion, I find, has been as il 


received by ſubſequent Writers, as the 


former ones. Mr. Clare, in his Treatiſe 


on the Motion of Fluids, has brought man 


Objections againſt it; as Mr, Rowning 
has alſo done in his Sytem of Natural 
Pbilaſophy, not long ſince publiſhed ; 


who ſays, that the Cauſe of the Aſcent W 


Vapours has been much diſputed, but 
not yet determined by Philoſophers, and 
owns that he cannot think of any true 
Principle of Philoſophy . See 1 

52 be accounted for. 113 
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1 ſhall not here repeat the Objections 

Wa by thoſe Gentlemen, but muſt beg 

leave to add the two following, which, 


among others that might till be urged 3 
| they have not taken Notice Of ns oils 


2 . — — 7 09:38 wang — 
. ür „7 


11 

Firſt; If Heat was the cats Cauſe of 

i Evaporation, Water in a warm and cloſe = 
* Room would evaporate faſter than when 
[ expoſed i in a colder Place where there is 7 
it a conſtant Current of Air, which is con- 
5 trary to Experience. be : WW i 
| Secondly ; 1 The Evaporation of Water 

| z ſo far from depending on its being rare- 1 
i" fied by Heat, that it is carried on even 
I whilſt Water is condenſed by the Cold+ . t 
| 7 neſs of the Air. For Water is gradually =— 
lj condenſed by Cold, till the Moment it ſe 
. freezes; and ſince it evaporates even when tl 
Fl frozen. into hard Ice, it mult evaporate in n 
ll all the leſſer Degrees of Cold. Mr. Boyle, Ct 
i | having counterpoiſed a Piece of Ice-in a te 
| Scale, hung it out in a froſty Night, and as 


found next Morning that it loſt conſide- W co 


| 

h rbly of its WAR: by Eyaporation,, C 
"3 | | 2 4 * Who, 25 
| 
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ce Who would have thought, ſays he, that 
ce ſo extremely hard and cold a Body 
« would evaporate ſo faſt in the clear Air 
« of a freezing Night?” And ſince that 
Time others have obſerved the ſame 


| Thing; which Fact ſeems to be an un- 
3 anſwerable Objection to all the Accounts 
2 in which Rarefaction by Heat is made to 
* be the chief, if not the only Cauſe of Eva- 
8. poration: and therefore we muſt have Re- 
"= courſe to ſome other Principle to aſſiſt us 
; in accounting for this Phenomenon. . 
er As the Author of Nature does not em- 


e- ploy in his Works a greater Variety of 
Cauſes than is abſolutely neceſſary, it is 
the Buſineſs of natural Philoſophy to re- 
duce as many Phænomena as may be, to 
ſome general well-known Cauſe; and 
this is to be done by comparing the Phæ 
nomena together in their ſeveral Cir- 
cumſtances, in which if they are found 
to agree, they are then to be conſidered 


to the ſame Cauſe; by Whieh Means the 


eee already. proved, 
I | A. 6. will. 


as Effects of the ſame Kind, and aſcribed 
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will. be rendered more general, and our 
"Knowledge more extenſive. Now, as the 
Suſpenſion of the Particles of Water in 
Air, of Salt in the Waters of the Ocean, 
and of other heavy Bodies in the Fluids 
that diſſolve them, ſeem to be Phæno- 
mena of the ſame Kind, we might reaſon- 
ably ſuppoſe, that they ariſe from the } 
ſame Cauſe, and that what we call Eva- 
poration is nothing more than a gradual 
f Solution of Water in Air. But that I 
maap not propoſe this merely as an Hy- 
= _ pothefis, 1 ſhall endeavour to prove the 
Truth of it, by conſidering the Nature of 
0 Solution in general, and comparing its 
| Properties and Effects with thoſe of E- 
Go | N | 
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_ = By dation” we cnderfiand, ſoch an 
"A | init ala between the Particles of 
a Body and thoſe of a Fluid, that the 
| Whole ſhall appear an homogeneous 
| Maſs, as tranſparent as the Fluid was be- 
. fore ſuch Union, and ſhall ſo continue, 
1 till ſome external Cauſe produces a 
e 3 been 


been explained 65 the Writers on Chy- 
miſtry in this Manner: When the Par- 
ticles of any Body ſurrounded by a Fluid 
are leſs ſtrongly attracted by each other 
than by the Fluid, they muſt ſeparate 
from each other, and join themſelves to 
thoſe of the Fluid, and remain ſuſpended 


therein: Thus various Salts are diffolved 


in Water, eſſential Oils in Spirits of 
Wine, Gold in Agua Regia, Mercury, 


Silver and other Metals in other acid 
Spirits; and indeed it ſeems to be with 
great Appearance of Reaſon, that the Al- 
traction between the minute Particles of 
different Bodies (of which we have ſo 


many other Inſtances) is aſſigned as tlie 
Cauſe of that Union between them, which 
we experience in Solutions; the chief 


Properties of which I ſhall now mention, 


ſo far as may be neceffary for the Pur- 


poſe to which I mean to apply them. 8 


In moſt Caſes a diſſolving Fluid, or 


Akri as the Chymiſts call it, will diſ- 
ſolve or take up only a certain Quantity of 
the Body which is ſoluble 1 in itʒ and if an 


more 
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will be rendered more general, and our 
Knowledge more extenſive. Now, as the 


Suſpenſion of the Particles of Water in 


Air, of Salt in the Waters of the Ocean, 
and of other heavy Bodies in the Fluids 
that diffolve them, ſeem to be Phzno- 
mena of the ſame Kind, we might reaſon- 
ably ſuppoſe, that they ariſe from the 


fame Cauſe, and that what we call Eva- - 


poration is nothing more than a gradual 

Solution of Water in Air. But that I 

may not propoſe this merely as an Hy- 

| pothefis, 1 ſhall endeavour to prove the 
Truth of i it, by conſidering the Nature of 
Solution in general, and comparing its 
Properties and Effects W thoſe of * 
Ni een . 


By Solution we underttand, fuch + an 


nies Union between the Particles of 
a Body and thoſe of a Fluid, that the 


Whole ſhall appear an homogeneous 


M,jſs, as tranſparent as the Fluid was be- 


fore ſuch Union, and ſhall fo continue, 


*till ſome external Cauſe produces a 


| * The Nature of Solution has 
been 
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been explained by the Writers on. Chy- 
miſtry in this Manner: When the Par- 
ticles of any Body ſurrounded by a Fluid 
are leſs ſtrongly attracted by each other 
than by the Fluid, they muſt ſeparate 
from each other, and join themſelves to 
thoſe of the Fluid, and remain ſuſpended 
therein: Thus various Salts are diſſolved 


in Water, eſſential Oils in Spirits of 


Wine, Gold in Aqua Regia, Mercury, 
Silver and other Metals in other acid 
Spirits; and indeed it ſeems to be with 


great Appearance of Reaſon, that the At- 


traction between the minute Particles of 
different Bodies (of which we have ſo 
many other Inſtances) is aſſigned as the 
Cauſe of that Union between them, which 
we experience in Solutions; the chief 
Properties of which I ſhall now mention, 
ſo far as may be neceffary for the Pur- 
poſe to which I mean to apply them. 


In moſt Caſes a diſſolving Fluid, or 


Menſtruum as the Chymiſts call it, will diſ- 
ſolve or take up only a certain Quantity of 


the Body which is ſoluble 1 in it; and if any 
more 
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more of the ſame Body be added, it will 
fall undiſſolved to the Bottom, and then. 
the Fluid is ſaid to be ſaturated with the 
Body 1 it has diſſolved; yet a Fluid which 


is ſaturated with one Body may after- 
wards diſſolve others of different Kinds, 
and keep all their Particles ſuſpended 
| together.. 


When any Menſtruum has enti rely dic. | 


ſolved Aa Body, it will continue as tranſ- 


parent as it was before; the Cauſe of 


which may be aſſigned from what Sir 
Iſaac Neꝛotoudiſcovered by Experiments, 
vi. that the Particles of Bodies muſt be 
of a certain Size or Bigneſs to cauſe thoſe 


Reflections or Refractions of the Rays of 


Light at their Surfaces to which Opacity 
is owing; whence he gives the Reaſon,, 
why ſome Bodies are opake and others. 
tranſparent. He alſo obſerves, that the 


moſt opake Bodies (ſuch as Metals) be- 


ing diſſolved in an acid Menſtruum, and 
thereby reduced to their ultimate and 


ſmalleſt Particles, do not take away the 


Fake of the > Menfrons. 1 
Hence 


44 


OF VAPOURS, . 9 
Hence we may always know how to 


| diſtinguiſh a Solution from a Mixture. 


For, if a Body be reduced to Powder 
and thrown into a Fluid that will diſ- 
ſolve it, and they are then ſhaken ſud- 


denly together, the Fluid will continue 


ſomewhat opake, till the Solution be 


effected, or till what remains undiſſolv- 


ed falls to the Bottom; for in this Caſe, 
the Particles are not at firſt reduc'd to 
their ſmalleſt Size, as they always are in 
a Solution. And therefore the Chymiſts. 
conſider the Tranſparency of an hetero- 
geneous Fluid (or one that contains in it 
Particles of another Body) as the Cite 
rion of a true Solution; and where that 
1s wanting, it is only a Mixture; as 


when Water and Air appear together in 


Froth, or in a Cloud, or a thick Miſt, 


it is only a Mixture of thoſe Bodies, and 


not a a Solution of one in the red. 


This _ vas premiled concerning 
the Nature of Solutions in general, I pro- 
ceed to the Proof of what I propoſed; 
anc. 3 in. Order to this, I ſhall ſhew. that- 

there: 


2 
2 l 0 
3 8 . 
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| to: be explained upon * 
ple, or aſcribed to the ſame Cauſe. 
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there is a mutual Attraction between 
Water and Air, the fame that we obſerve 
between the Particles of any two Bodies, 


one of which diſſolves the other. 1 ſhall 


then compare, in ſeveral Inſtances, the 


Properties and Effects of common Solu- 


tions with thoſe of Evaporation; that 


from the exact Reſemblance between theſe 
two Phænomena, it may appear that they 


are Effects of a like Kind; and therefore 
ſamne Princi- 


Thence I ſhall ſhew, how the Aſcent of 


Vapours, and ſeveral: other Phænomena 
of the Atmoſ phere may be accounted for. 
And laſtly, I ſhall add ſomething on the 


riſing: of Steam from boiling Liquors, 


and ſhew wherein it differs from com- 
mon Dvaporation.. 


1 am firſt to prove that there is an At- 
traction between the Particles of Air and 
Water. It is well known, that all Water 
contains a conſiderable Quantity of A - 
that this Air retains its Elafticity ſo that it 
1 be er mate from che Waser by OY 


OF VAPOURS, &. 11 
ing and including it in an exhauſted Re- 
ceiver. It has alſo been proved by Expe- 
riments, that Air extricated from Water 
by boiling, and reſtored to its uſual Den- 
ſity, will occupy a Space greater than that 
poſſeſſed by the Water in which it was 

contained. No ſince it is allowed that 
the Particles of ſo heavy a Body as Gold 
are ſuſpended in Agua Regia by their At- 
traction towards the Particles of that 
Fluid, it ſeems reaſonable to ſuppoſe, that 
ſo light and elaſtic a Body as Air muſt be 
retained under Water by a like Force, 
without which it would always aſcend to 
the Surface and eſcape. But that there is 
really ſuch an attractive Force between 
Air and Water, may be fully proved by 
the e . 


Let an Oil-Flaſk be filled almoſt full 
with Water, deprived of its Air as much 
as may be; let the Mouth of it be then 

ſtopped, until the Neck, being inverted, . 
is immerſed in a Veſſel of Water; a Bub- 
ble of Air will then aſcend into the upper 
Fares of the Flaſk, When Things have 

0 ſtood 5 
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ſtood in this Way: for ſome Days, the 
Water will be found to have abſorbed the 
Whole Bubble of Air (if it was not too 
large) and entirely filled the Flaſk. But 
if the Bubble was too large, Part of it 
will be left; for the Water, after ſome 
Time, will abſorb no more Air, being 


then ſufficiently ſaturated with it. It is 
obſervable that the included Air enters 


pretty quickly into the Water at firſt, but 
afterwards very ſlowly. This Experiment 
ſhews that Water, when deprived of its 
Air, will again draw the Air gradually 
into its Pores; juſt in the ſame Man- 


ner as a Lump of dry Sugar will draw up 
Water into its Pores, which will aſcend 


pretty quickly at firſt, but very ſlowly af- 
ter ſome Time. We have Reaſon therefore 
to conclude, that there is the ſame Kind 
of Attraction between Air and Water, 
that there is between Water and any 


dry porous Body that will imbibe it. 


As Water contains aconſiderable Quan- 
tity of Air, ſo does Air contain a good 
deal of Water, even when we think it 

quite. 


. Oo F. VAP: O * R.8, & c. 1 13 
quite pure and dry; as appears from the 
Moiſture drawn, from it by dry Salt of 
Tartar, in ſuch Quantity as to make the 


Salt become entirely fluid. Now fince 
the Air is an heterogeneous Fluid con- 


taining in it Particles of another Body, 


and yet retaining a perfect Tranſparency, 
which is the Criterion of a true Solution 
in other Caſes; why ſhould we not infer 
from Analogy, that in this Caſe alſo there 
1s atrue Solution of Water in Air we 95 


But the T ks of this Ky be 3 
by farther comparing the Properties os. 
common Solutions with thoſe of Evapo- 
ration; which I ſhall now do in ſeveral 
kanne. 


i Firſt ; When a Body is 1 in a 
Fluid that diſſolves it, for Inſtance a Lump 
of Salt in Water, we ſee the Salt ſoon 
begin to diſſolve, and impregnate with its 
Particlesthe Water that ſurroundsit, which 


will then appear thick and loaded, and if 


the Water be at reſt the Solution will pro- 
ceed very ſlowly; but if it be ſtirred about, 
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ſtood in this Way: for ſome Days, the 


Water will be found to have abſorbed the 
whole Bubble of Air (if it was not roo 


large) and entirely filled the Flaſk, But 


if the Bubble was too large, Part of it 
will be left; for the Water, after ſome 


Time, will abſorb no more Air, being 


then ſufficiently ſaturated with it. It is 


obſervable that the included Air enters 


pretty quickly into the Water at firſt, but 


afterwards very ſlowly. This Experiment 


ſnews that Water, when deprived of its 
Air, will again draw the Air gradually 


into its Pores; juſt in the ſame Man- 


ner as a Lump of dry Sugar will draw up 
Water into its Pores, which will aſcend 
pretty quickly at firſt, but very ſlo wl y ” 
ter ſome Time. We have Reaſon therefore 


to conclude, that there is the ſame Kind 


of Attraction between Air and Water, 
that there is between Water and any 
e ny that will imbibe neon: 


AsWatercontainsaconſiderableQu an- 
tity of Air, ſo does Air contain a good 
deal of Water, even when we think it 

quite. 
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quite pure and dry; as appears from the 
Moiſture drawn from it by dry Salt of 
Tartar, in ſuch Quantity as to make the 


Salt become entirely fluid. Now ſince 


the Air is an heterogeneous Fluid con- 
taining in it Particles of another Body, 
and yet retaining a perfect Tranſparency, 


which is the Criterion of a true Solution 


in other Caſes; why ſhould we not infer 
from Analogy, that in this Caſe alſo there 


is ba true Solution of Water in Air? 2 


But the Truth of this will bo 1 


by farther comparing the Properties of 


common Solutions with thoſe of Evapo- 


ration; which I ſhall now do in n 


bannen. 
1 * irſt ; When a Body is immerſed in a 


| Fluidthatdiflolvesit,for Inſtance Lump 


of Salt in Water, we ſee the Salt ſoon 


begin to diſſolve, and impregnate with its 


Particlesthe Water that ſurroundsit, which 
will then appear thick and loaded, and if 
the Water be at reſt the Solution will pro- 
ceed yeryNowly; but if it be ſtirred about, 
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the Salt Will Won be en irely diſſolved. 
How -exa&tly does this correſpond with 
what Dr. "Halley remarked in an Experi- 
ment he made on the Evaporation of Wa- 
ter in a cloſe Room? (Philoſe Tranſ. N' 
192.) The ſame Obſervations, ſays he, 
e do likewiſe ſhew an odd Quality in the 
e Vapours of Water, which is, that of 
& adhering to the Surface that exhales 
e them, which they clothe as it were 
e with a Fleece of vapourous Air, which 
ce once inveſting it, the Vapour riſes af- 
Le terwards in much leſs Quantity.” Here 
ve ſee, that the Air which lay at reſt over 
the Water appeared thick and loaded with 


the aqueous Particles; and then the Eva- 


poration proceeded very ſlowly; juſt as 
- the Waterthatlies abouttheSalt, appears 
thick and loaded, and while it continues 
at reſt, the Salt is diſſolved but owly. 
He alſo obſerves on the ſame C Occaſion, 
that Evaporation is vaſtly promoted by: 2 
ba of f eſh'Air paſſing over the ex- 
haling Surf, dee Fhayeno Doubt 
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which continually brings freſh Particles 
of the Fluid into Contact with the Body 
it diſſolves, in the Place of thoſe 18 
have been e ſaturated. {a} 


" Secondly; J > ot a Glas of clear old 
Water throw a Lump of Salt, and when 
it has ſtood alittle Time, ſtir it very gent- 
ly, and the Water which is ſaturated with 
the, Salt will riſe up among the reſt in 
curled Wreaths erlag Se which will 


E 


ing gitgopefna the Rays of Light in dif. 


gat £ 97 2 T4 


1 This VlegwbeCaraganran Air 1 Fn: 
times hangs over. Water, is is ver, diſcernable 
when we ſtand by the Séa-ſide in a hot calm 
Day, and is the Cauſe of ſome odd Appearan- 
ces. For the lower Part of the Air, which is 
then much impregnated with Water, refracts 
the Rays of the Light more ſtrongly than at 
other Times, and by this unuſual Degree of Re- 
fraction, Houſes on the Shore at a Diſtance from a 
us appear almoſt as high as Steeples, remote 
Ships and Iſlands and the extreme Parts of 
Head-lands or Promontories appear to be raiſed 
quite out of the Water, and to n in the Air 
3 homes Its s Surface... 
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16 on THE ASCENT 
ferent Directions, which Will male an 


Object ſeen through it appear to have a 


tremulous Motion; this will continue 
until all Parts of the Water are equally 


impregnated with the Salt, and then its 
Tranſparency will be reſtored. As the 


Parts of the Water which are impregnated 


with the Salt are of different Denſities from 
the reſt, while they are mixing together, 
they muſt occaſion thoſe Refractions and 
this apparent tremulous Motion, which 
will ceaſe as ſoon as all the Water be- 
comes of the ſame Denſity. The very 
ſame Appearances will attend the mixing 
together of any two Fluids which have 
different Denſities, and will thoroughly 
ene with each rc. 8 


4 


15 like dame e or G 4 
; lng from the Pipe of a boiling Veſſel, 


firſt riſes into the Air, it appears in curled, 
Wreaths, and renders the Air opake; but 


as ſoon as ĩt is entirely diſperſed, the Tran- 

ſpareney is reſtored. Thus alſo in a calm, | 
hot, ſun-ſhine Day, when we look along, 
> moiſt Piece of Ground, the Air and any 

V . 
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Objects ſeen through it appear to have a 


tremulous Motion, like that which weob- 
ſerve in an Object, ſeen through two Flu- 
ids which are mixing together. Now, 
as the Vapours riſe here in great Abun- 
dance and the Air has but little Motion, 
thoſe Parts of it that are much impregna- 
ted with aquebus Particles are mixed gra- 
dually with the Air above it that is drier 
and of a different Denſity; which will 

occaſion Refractions of the Light, and 

that apparent tremulous Motion, juſtnow 
mentioned; and in this Caſe, the Solu- 
tion of Water in Air (if I may yet venture 
to call it by that Name) is carried on in a 
Manner viſible to the Eye, as Solutions 
are in other Fluids. The ſame tremulous 


= undulating Motion is more obſervable, 
when we look in warm Weather through 
| a Teleſcope, which magnifies the Vapours 


floating in the Air: and from this Kindof 
Refraction the twinkling of theStarsſeems. 
to ariſe; with this Difference only, that 
the watery refracting Particles in the 
Day- time are paſſing into a State of So- 


lution; whereas the Vapours already diſ- 


ſolved 


1 ON THE AS C ENT 
folved are by the Cold of the Night be · 


geinning to precipitate, and return into 


Particles large enough to cauſe Refrac- 
tions in the Light of the Stars. 


Thirdly; Heat promotes, and Cold i in 

ſome Meaſure ſtops or checks both Solu- 
tion and Evaporation. Very hot Water 
will diſſolve Salt ſooner and in a greater 
Quantity than cold Water; and if a ſtrong; 
Solution of Salt be made in hot Water, 

the Water when cold will let go ſome of 
the Salt before diſſolved, which will fall 
to the Bottom in ſmall Particles or ſnoot 
into Chryſtals. Juſt ſo will Water evapo- 
rate faſter in warm than in cold Air; and 
the aqueous Vapours, ſuſpended in the 


Air during the Heat of the Day, fall down 
at Night and form themſelves into Drops 


of Dzw, or if the Night be very cold ap- 
pear next Morning chryſtalized, in a 
Hoax-FRosr. And thus if in a hot Day 
a Bottle be filled with any very cold Li- 
quor, and expoſed to the warm Air, which 
to us ſeems very dry, a Dew will be ſoon 
8 emed on che Outſide of the Bottle; n 


OF VAPO URS, &c. 13 
he Air about it being cooled will let go 
Part of its Moiſture, which will be attract- 
ed to the Surface of the Glaſs; for the 
ſame Reaſon a Dew is formed on the In- 
de of the Windows of a warm Room, 

in ehich on their Outſide are expoſed to the 
1-- old Air. In like Manner, the Moiſture 
breathed out from the Lungs of Ani- 
als becomes viſible in very cold Air, 
hich cannot keep that Moiſture in a 


T,' tate of Solution, as warm Air will do. 
1 ence alſo we may obſerve, that as there 


annot be ſo continual and copious an 
vaporation in cold Weather, the Air 
111 then be generally clearer Tring.” it 1s 
hot Weather. 158 | 


| Heat frets to bee Solutings bak 
Late! it expands Bodies, and thereby en- 


1 Þrges their Pores, and leſſens the coheſive 4 
2 Httraction of their Particles; ſo that a 
ay Body, when hor, will more eaſily admit a 
= + 


liſſolving Fluid intoitsPores, and its Par- 
icles,cohering together leſs ſtrongly than 


on hen cold, will more readily quit each 
nay ee unite themſelves to che Particles i 
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ol the Fluid by which they are attracted; 
and for the ſame Reaſon Heat will alſo 
. oma the Evaporation ot F loids.” 


- BaoFoadily:; ; The Qxantity of Body 


diflolved; and of a Fluid evaporated, in a 
given Time, depends (ceteris paribus) on 
its Quantity of Surface. Thus a Body 
reduced to Powder is ſooner diſſolved than 
it is in a concrete Form; and thus Smoke 
or Steam (which is Water reduced to very 
ſmalb Particles by Heat) is much ſooner 
diſperſed and ineorporated with Air, than 
Water in its uſual Form. Thus likewiſe 
the Moiſture which adheres to a cold 
poliſhed Plate of Glaſs or Metal, when 
we breathe upon it, is immmediately 
dried up by the Air, becauſe it is exceed- 
Per ornet and THF: a "oy Pome Surface.” | 


* Fifthly; Chymiſts obſerve; chai wha 
Sea-Salt, Sal Ammoniac, or Nitre, is di ſſolv- 


ed in Water, or eſſential Oils in Spirit of 


Wine, ſome Degree of Cold is produced 
in the immediate Act of Solution; and 
che quicker the Solution, the n the 
Og 


by wrapping che. Ve 
and hanging, them up Where they ate 
much expoſed. to. the Wind, - and Wetking 
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cold. By difſoving,pounded Ie, of ra- 
cher Snow ( whoſe articles have a greater 
Surface) in Spirit of Nitre, A Degree of 


| Cold has been produced fo great as to 


freeze Quick: ſilver. 5 Cold 1 18 likewiſe! pro- 
duced in the Ac of Evaporation For if 


Spirit of Wine, or Ether, be rubl )e 
lightly with a Feather over the Ball of a a 


Tbermemetegt it will ſink as theSpirite eva- 
porates; andthe quicker the Evaporation, 
* [faſter will the Thermometer fink ; 
thus I haye made Water freeze in a a, thin 
Glaſs merely by the Eyaporation« other 
promoted by a Current of Air. 5 That 
Cold is produced by the Eraporftioh of. 
Mater appears from. OE; e 


Who, in hot Cli 0: juors 
55 19008 9ths, 


+14 © Bhs 5. 


* Cloths negin When they become dry. 
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 ThisObſeryari n bewsa very femark. 5 
pe Agreement between the Nat atüres of | 
Solution and Evaporation: How the Cold : 
is ed im either Caſe, I cannot pre- 
dend 
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tend to ſay; but I muſt beg leave juſt to 
apply this Fact, to account for a Thing 
which I believe moſt People have taken 
Notice of. If we rub Hungary Water, or 
any other volatile Spirit over our Hand, 
tit will feel much colder than Water, tho 
they will both feel equally cold, if we dip 
our Finger into each. The Reaſon of 
which is, that the Spirit evaporating much 
| quicker than the Water, produces thereby 
2 greater Degree of Cold. And ſo Ether, 

if it be applied in the ſame Way, will feel 
colder than any other Spirit on Account 

of its more ſudden Evaporation. 


Kxtbly; It is known, that reRified 1 


Spirit of Wine, when purged of Air, will 
imbibe a large Bubble of Air in a much 
ſhorter Time than Water will do, and I 


have myſelf experienced the Truthofthis, 


which ſhews that there is a ſtronger At- 
traction, or Affinity (as the Chymiſts call 
it) between Spirit of Wine and Air, than 


7 between Water and Air, and ſince the Spi- 


rit evaporates much faſter than the Water, 
IJ think we may conclude from hence, that 


We 


parate 
It mię 
tained 
Attrad 
Oil fr, 
the ſa 
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the Evaporation of Fluids ariſes from an 


attractive Force between their Particles 
and thoſe of Air. (3] But here it muſt be 


[s] As Water and Spirit of Wine are in no De. 
gree viſcid, they may evaporate in Proportion to 
the Attraction between them and Air. But the 
Caſe is very different in ſuch Fluids as are viſcid; 
for tho? I found that Oil of Olives, when purged 
of Air, will imbibe a Bubble of Air almoſt as ſoon 
as Water does, yet the Evaporation of Oil is 
ſcarcely (if at all) ſenſible. The Reaſon of which 
muſt be, that the Attraction between Air and 
the Oil is not able to overcome the Tenacity of 
its Particles and ſeparate them from each other, 
tho? it is ſufficient to draw into the Oil the Parti- 
cles of Air which have no Attraction towards 
each other; juſt as Water is drawn into a Sponge, 
tho? the Attraction of the Water i is not able to ſe- 
parate the Particles of the Sponge from each other. 
It might perhaps be ſuppoſed that the Water con- 
tained in the Air may defend the Oil from the 
Attraction of the Air, and thereby prevent the 
Oil from evaporating; : but if this were the Caſe, 
the ſame Water would alſo defend the Air from 
he AttraRtion of the Oil, Which we ſee it does 

ot. The Particles of Oil, like thoſe of all other 
Fluids, may indeed be ſeparated. from, each other 
and driven into the Air by a violent Heat; but 
his Effect muſt be diſtinguiſhed from common 
Lvaporation, as will appear from what i is ſaid i in 
n 10 00 Fx Ko 


B 3 obſerved 


34 ON THEWSCENT 


obſerved that the Spirit is not only more 
ſtrongly attracted by the Air than Water 
is, but, being alſo more eaſily rarefied by 


Heat, its Particles ſeem to cohere tage- 


ther mare thghrly- chan thoſe af Water, 
and therefore may be more eaſily epa 
rated by the ec. of the Air.” 


Brin 3 Ifi into any e we 
throw a Body, which it diſſolves, and af- 
ter wards add another, to which the Men- 
Atruum has a greater Affinity than it has to 
the firſt, it will diſſolve the ſecond Body, 
and let go the firſt, which will be precipt- 
_ tated and fall to the Bottom. In the 
very ſame Manner will a Fluid let go the 
Air it contains, upon the Addition of 
another Body to which it has a greater 
Affinity than it has to the Air. Thus if to 


well-rectified Spirit of Wine we add an 


equal Quantity of clear Rain- water, cheſe 
Fluids Crhich. ſo readily incorporate) 
| having à greater Affinity to each other 
than to the Air they contain, will let go 
a great Part of that Air, which will, riſe 

to the id or FIN ſmall Bubbles 
597199 * to 
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to the Sides of the Veſſel. This, I think, 
ſhews that Air is contained in theſe Fluids, 
in the ſame Manner that the Particles of 
a Body are contained in a Menſtruum that 


diſſolves it; and hence I conclude that 


the Air which is imbibed by any Fluid 
is, properly ſpeaking, 'difſolved in that 
Fluid ; and conſequently that any Fluid 
which evaporates, or is imbibed by the 
Air, is alſo, properly ſpeaking, diſſolued 
in Air. Upon this Principle we may fay, 
that Water 1s drawn out of Air by dry 
Salt of Tartar, from its having a greater 


Affinity to that Salt than to the Air. 


J ſhould not have been ſo tedious in 
comparing together the Natures of Solu- 
tion and Evaporation in ſo many In- 
ſtances, but that it gave me an Opportu- 
pity at the ſame Time of explaining ſome 
of the Phænomena that T ar firſt intend- 
ed to conſider ; which Explanations be- 
lieve will be admitted, if I am right in 
the main Point I have endeavoured to 
prove. And really when we conſider how 


exactly Solution and Evaporation agtee, 
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in their ſeveral Appearances, Properties 


and Effects, I think we muſt be convinced 


that they are natural Operations of the 
ſame Kind, and that what we call Evapo- 


ration, is nothing more than a gradual 
Solution of Water in Air, produced and 


promoted by the ſame Means (to. wit) 


Attraction, Heat, and Motion, by which 


other Solutions are effected. 


1 mall now endeavour to account for 
ſeveral Phænomena of the Atmoſphere 


vpon this Principle, which will be till 


further confirmed, if it be found to an- 
ſwer the Purpoſe to which it is applied. 


The loweſt Part of the Air being preſf⸗ 
ed by the Weight of the Atmoſphere 
againſt the Surface of the Water, and con- 


tinvually rubbing upon it by its Motion, 
has thereby an Opportunity of attracting 


and diſſolving thoſe Particles with which 


it is in contact, and ſeparating them from 


the reſt of the Water. And ſince the 
Cauſe of Solution in this Caſe is the 
wagen Attraction of the Particles of 


Water 
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Water towards the Air, than towards 
each other, tlioſe that are already diſſolv- 
ed and taken up, will be ſtill further raiſ- 
ed by the Attraction of the dry Air which 
lies over them, and thus will diffuſe tem- 
ſelves, riſing gradually higher and high- 
er, and thereby leave the loweſt Air not 
ſo much ſaturated, but that it will be ſtil! 
able to diſſolve and take up freſh Parti- 
cles of Water. And thus Ice or Snow 
will evaporate as well as Water, its Par- 
ticles being attracted and diſſolved by the 
Air, which is ſtrongly: preſſed againſt its 
Surface ; for tho” Heat promotes both 
Solution and Evaporation, yet we do 
not find that in either Caſe any ſenſible 
ma of it it is » abſok: wy neunen | 


10 this Mannerwill e ee 2 
Ascxxp ſlowly into the Atmoſphere; even 
when we ſuppoſe: the Air almoſt at feſt, 
for ] believe it is never perfectly ſo. But 
the Solution of Water in Air, and the 
Aſcent of Vapours, is greatly promoted 
by tlie Motion of the Winds, which bring 
freſſi and drier Air into tlie Place of that,, 


Nin 83 5 NE which: 


28 ON, THE: ASCENT 


Which may be. already ſaturated: ani 
loaded with Maiſture, carrying it, to- 


gether with its Moiſture, into the high - 


er Parts of the Atmoſphere, ad dicpere⸗ | 


KT 'S 


& ig Bl: Warzen. 15203 19% ell 
| DET N 1 
AE we  houkd.now. 8 the FI He 
where to remain always.in-the ſame State 
2810 Heat and Cold, and: to have always 
the fame Denſity; when it was once ſatu- 
rated with Water, alb Evaporation would 
cgaſe, 
would. always remain ſuſpended; for 2 


Fluid, while it retains the ſame Heat and 


5 : ab will neyer let go the Particles of 
a Body chat it has diſſel ved. We muſt 
. conſider what are the Cauſes. 


which occaſion the Air ſometimes to part 


with the Water it has diſſolved, and which: 
thereby keep up a continua! Circulation 
of Vapours; and theſe I ball iſhew to be 
the: frequent Viciſſitudes 95 Heat and 
Cold, Condenſation and: Rarefaction, to 
which the eee 450 


4 


, 4 | 7 * * 
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inn 


7 4 have 


d the, Vapoufrs already raiſed: 


as to the: Eee of Elea and Cold n 
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have already ſhewn that the former pro- 
motes, and the latter checks, or in ſome 
Meaſure hinders Evaporation as well as 

other Solutions; of which J gave an In- 

ſtance in the Vapours that are ſuſpended ; 
during the Heat of the Day, but by the 
Cold of the Night are precipitated and 
ſuffered to coaleſce into Drops of Dew; 

From the Snow's lying ſo long on the 


Tops of Mountains, we find that the 


higher Parts of the Atmoſphere are much 
colder than the lower. Now tho” Va- 
pours are firſt raiſed, and abound moſt in 
the lower Parts of the Atmoſphere, yet 
they cannot there be formed into Clouds, 
becauſe the Heat that helped to diſſolve 

them, helps alſo to keep them diffalved. 
But when they are carried hy the Winds 
into the higher Parts, where the ſame 
Heat is wanting, the cold Air will not be 
able to keep in a State of Solution all iat 
are carried up, but muſt ſuffer ſome of 
them to coaleſce intoſmall Particles, which 
ſlightly attracting each other and being 
intermixed with Air will form Ciouns, 
2 the very ſame zan with 
Fi: | B $ Steam 
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Steam or Smoke, which alſo conſiſts of 
ſmall Particles of Water mixed with Air, 


and not yet diſolvedin it. Theſe Clouds, 


when firſt formed, will remain ſuſpended, 


tho' they conſiſt of Water, as well as Air; 


becauſe the Weight of their Particles will 
not be able to overcome the Reſiſtance 
they muſtmeetwithindeſcending through 
the Air. For when Bodies are diminiſhed, 

their Quantities of Matter to which their 


Weights are proportional, decreaſe faſter, 


or in a greater Ratio, than their Surfaces 

to which the Reſiſtance they meet with is 
Proportional, and therefore in very ſmall 
Particles, this Reſiſtance may become 
greater than their Weight. The different 
Heights at which Clouds are formed, de- 
pends on the Quantity of Vapours carried 


up, and the Degrees of Heat in the upper 


Parts of the Atmoſphere; for the Vapours 
may always aſcend till chey meet with Air 

; fo cold or ſo thin that it is not able to keep 
in a State of Solution all that are carried 
up; hence Clouds are generally higher in 
Summer than in Winter. When Clouds 


by a continu al Addi- 
| tion 


tic 
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tion of Vapours, and their Particles: are 
driven cloſe together by the Force of the 
Winds, they will run into Drops heavy 
enough to fall down in Rain. Sometimes 
the Clouds are frozen before their Par- 
| ticles are gathered into Drops, and then 
ſmall Pieces of them, being condenſed 
and made heavier by the Cold, fall down 
in thin Flakes of Snow, which appear te 


be Fragments of a frozen Cloud; but if 


the Particles be formed into Drops, be- 
fore they are ern. ey" become n. | 
STONES. EIS 


When the Prey is 3 with Vapours, 
and a cold Breeze ſprings up, as it often 
| does from the Sea, the Solution of theſe 


formed in. the Jower Parts of the Atmo- 
ſphere, and compoſe what we call a Misr 
or Foc, This generally. happens in a 

cold Morning, but when the Sun has 
been up for ſome Time, the warm Air 
again diſſolves thoſe watery Particles, 
15 it c en clears up. 


" 
£ 
« . 
" In 
f 


Vapours is checked, and Clouds are 
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In a hot gummi s Day, the Air lying 
over wet Marſhy Ground is copiouſly 
filled with aqueous Vapours, 'till the Air 
growing cooler after Sun- ſet will not be 
able to keep all thoſe Vapours diſſolved, 


but muſt let ſome Part of them unite 
quickly into very ſmall viſible Particles, 
and form thoſe Miſts which appear to 


riſe from Marſhy Grounds in a Summer's 


Evening. The Vapours near the Ground 
being more denſe and copious, will be 
firſt affected by the Cold, and afterwards. 
thoſe that are thinner and higher up, ſo 
that the Miſt will be low at firſt, but - 


will encreaſe in Height afterwards. 


After a warm and .unclouded Day in 


Summer there falls Abundance of Dew, 


and the Air ſcarce recovers its Clearneſs 
till towards Morning, when it is pretty 
well cooled; but on the firſt Return of 
Hear; at Sun riſe or a little before it, the 
Water, which is then plentifully ſpread 

Over the Ground and the Leaves of Trees 

and Plants in very * Drops, begins 
again | 


> - 
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again to | Jiffolve; and while it is diſſolv- 


ing occaſſons chat Hazintss ſo obſerva- 


ble in a hot Summer's Morning about 
Sun: riſe, and for ſome Time after. Here 


it may be proper to obſerve, that when 


the Particles of Water are of a certain 
Size, they wilt render. the Air equally 


opake, whether they are paſt ing into a 


State of Solution, or returning from it. 


1 3 


Thofe cold thick Morning Fogs 11 men- 


todd Juft now are often attended with a 
very Hight ſmalf Rain; for the Vapours | 


are then returning faſt from a State of 


Solution, and we Re the Drop s, at their 


art Pofinatioh and they are ſuch as we 


Frege meet with i in pang « over high | 
ountains;' chere we are in or near the 


Clouds. "So that it ſeems the Drops of 


Rain are very ſmall when firſt formed in 


the Clouds; but being driven about by 
the Motion of 'the Air in theilt Deſcent, 
forme of them will: touch each other and 


run into a Prof of 4 larger Size, and the 


greater Space they fall through, the more 
wh heir Size be encreaſed before they 


come 
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come to the Ground. And for this Rea- 

fon, the Drops which fall from the higher 

Clouds in Summer are found to be gene- 

rally larger than they are in Winter, when 

the Clouds are low. It has been likewiſe 

| obſerved, that the Drops of Rain are re- 

markably large that fall in ſudden Thun- 

der-Showers; of which the Reaſon may 

be, that the Lightning burſting from a 

Cloud and expanding itſelf greatly, will 

ſuddenly remove the Air from. its Place, 
which Air muſt therefore return to its. 
Place with great Violence, ſo that the 

watery Particles in the Clouds, ſtrongly 
agitated and driven againſt each other, 
will form themſelves into larger Drops 
than at other Times. Or perhaps it may 

be ſaid, that when a Cloud is filled with 
Lightning, Which is the ſame as the elec- 


tric Matter, the watery. Particles, like 


other electrified Bodies, will repel each 
other, but being ſuddeniy deprived. of 
this repelling Matter, will by their mu. 


tual Attraction come together again with 


ſome Velocity, and therefore will run 
into Drops larger than uſual. ; 


3 


When 
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When the Wind blows from the South, 


it is generally warm and comes replete 
with aqueous Vapours which it has diſ- 
ſolved, but coming into a colder Climate 

it cannot there keep the ſame Quantity 


of Vapours in a State of Solution as it 


did before, and conſequently muſt part 
with ſome of them and let them preci- 
pitate; and therefore Southerly Winds 
generally bring us Rain. On the other 
Hand, when the Wind blows from the 


North, or any Point near it, as it is very, 


cold ĩt cannot have diſſolved a great deal 


of aqueous Vapours where it came from, 
and therefore coming into a warmer 


Climate it is ready to diſſolve more. 


And on this Account theſe Winds, . 


they continue long, are found to be very 
dry and parching, and are generally a at- 
tended with fair Weather. 


4 Thus we ſee that che Air, according 


to its different States in reſpect to Heat 
and Cold, will diſſolve and take up, or 
let go and precipitate the aqueous Va- 
pours, in ede of which we ſome- 

| times 
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times perceive Chariges of the Weather, 
even when there is no Change in the 
Denſity of the Air, or conſequently i in 
as Height of. the Barometer. 


{ But Condenſation and Rel e w m 
alſo have the like Effects in promoting the 
Solution of Water in Air, or in occaſion- 
ing ſome Part of what has been diſſolved 
to return again into Water and precipi- 
tate. It ſeems reaſonable to ſuppoſe, that 
denſe Air in which the Particles lie near 
each other, will be better able to diſſolve 
and keep ſuſpended a Quantity of Water, 
than the ſame Air when diffuſed through 
a greater Space. And that this is really 
ſo, we have an experimental Proof. For 
when a Receiver is partly exhauſted, we 
ſee the rarefied Air begin to let go the 
Water it contained, which gathering into 
ſmall Particles appears like Steam or 
Smoke falling to the Bottom. In order 
to prove the ſame thing by other Experi- 
ments, when a Cup of Water, or rather 
Spirit of Wine (which evaporates faſter) 
had ſtood for ſome Time in a cloſe Re- 


ceiver | 
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a OY Hillof this, E rargfied this Air ſod- 
Wcoly,byJetting;itruſly into another Re- 
ceiver-that was exhauſted; and immedi- 
ately the Vapour, that was before ſuſ- 
pended, gathered into {mall Particles and 
fell down in a very viſible. Shower. I 
alſo took from the Air pump a large ex- 
hauſted Receiver 20 Inches long, having 
at the Bottom a Braſs Plate, with a Stop- 
cock in the Middle of it, when the Stop- 
cock was opened, the external Air ruſn- 
ing in violently, and being much rare- 
fed, let go the Water it contained, and 


'> crew it againſt the other End of the 
h Receiver, where it ſtuck on the Glaſs, 
* and covered it with a thin Dew, which 
hy found to encreaſe until the Receiver 3 Was 
: nne w e eee vious - 
o i Thee bees 7 prove, hs Air, 
r when rarefied, cannot keep as much Wa- 
rH terdiffolvedasitdoesinamorecondenſed 
Fr State. And hence we muſt conclude, that 
r when the Atmoſphere is ſaturated with 
) 5 changes a denſer to a 
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rarer State, the higher and colder Parts 
of it eſpecially will begin to let go ſome of 
the Water before diflolved ; which will 

form new Clouds, or add to the Size or 
Number of the Particles before formed, 
and thereby render them more apt to fall 
down in Rain. On the contrary, when 


the Atmoſphere changes from a rarer to a 
denſer State, it will then be able to ſtop 
the Precipitation of the Water, and again 


diſſolve in the Whole, or in Part, ſome of 
thoſe Clouds that were formed before, 
and conſequntly will render their Particles 
leſs apt to run into Drops and fall down 
in Rain. And thus we generally find by 
Experience, that the rarefied and condenſ- 
ed States of the Atmoſphere are reſpec- 
tively attended with Rain or fair Wea- 
ther. Though this does not happen at 


all Times, for the Air, tho rarefied, may 


not then abound much with aqueous Va- 
pours, having already parted with a good 


deal of them. So likewiſe when the Air 


| is denſe and heavy, it may then be ſo he, 
much loaded with aqueous V apours, that 
2 we. 


We 
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we may have Rain even before we can 


perceive by the Barometer, that the At-. 
NO nne to a rarer State. o] 


(01 The Ahoy, raiſed into the. Ae | 
will certainly add ſomewhat to its Weight, but the 
Difference of the Quantity of Water contained in 
the Air at one Time and at another cannot make 
any conſiderable Change in its Weight, For the 
Quantity of Rain has been accurately meaſured | 
that falls (communibus annis) in ſeveral Parts of Eu- 
rope, and by taking theſe Quantities at a Medium, 
I find that in any one Place there will generally , 
fall, one Year with another, as much Rain as would 
amount altogether to the Height of 28 Inches, 
which is equivalent in Weight to two Inches of 
Mercury; if therefore we were to ſuppoſe this 
whole Quantity of Rain to be ſuſpended in the Air 
at one Time, and then to fall before any more 
Vapours were taken up, the Mercury in the Baro- 
meter would, on that Account, fall two Inches. 
But we cannot make ſuch a Suppoſition, for the 
Rain falls in ſmall Quantities and at different 
Times, and the aqueous Vapours are again taken 
up into the Air immediately; ſo that the Differ- 
ence in the Quantity of Water ſuſtained in the 
Air, at one Time more than at another, can. add | 
by its Weight but very little to the Height of the 
Mercury in the Barometer, probably not har mock 
as the 2 Part of an Inch. 


. K tr 9 ot ps we — : 
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Upon this Priteiple/1/Hhink' we may 
account for the Changes of the Weather, 
which uſually attend the riſing and fall. 


ing of the Mercury in the Barometer, 


better than by ſaying, that hen the Air 


grows rarer and Een it cannot, by che 
Laws of Hydroſtatics, ts well Ti upport 
the Clouds and Vapours, and therefore 
muſt permit them to fall down in Drops 
of Rain. For when the Air grows rarer, 
although the Clouds will deſcend into A 


lower and denſer. Part of it, yet they will 
be there ſupported, and I do not ſee why 


their Particles ſhould be more apt to run 
into Drops there, than when they were 


higher up, unleſs they received ſome Ad- 
dition from the Water depoſited among 

them by the rarefied Air, in the Manner 
I have juſt now mentioned. For ſince 
the Air is rarefied gradually, the Clouds 
can deſcend but very flowly, and there- 
fore their Particles will not be fo much 
| prefied together by the Reſiſtance they 
meet with in their Deſcent, as they ge- 
nerally a Ts, Winds which blow 


You AG 7 
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When the 'Attnoſphere is ſaturated 
with Water, and grows colder and rarer 
than it was before, we ſhall them perceive 
the lower Air begin to part with ſome of 


the Water it contains, which will fall in- 
ſenſibly to the Ground, or adhere to the 
Walls of Houſes, or other Bodies expoſed 


to it, and make them become damp or 


wet. And if the Moiſture ſettles on the 


ſmooth Surfaces of cold Bodies, ſuch as 


Marble or other Stones, whoſe Pores 
cannot imbibe it, it will cover them with 


a kind of Dew, and then theſe Bodies are 
vulgarly ſaid to SWEAT. At this Time 
the Atome a Wile affected by the 


Moifture will point tô ET, and as we 


perceive from therice, that the Air is diſ- 
poſed to part with the Water it contains, 
we may generally expect Rain. But when 
the Air again grows warm or denſe, it 


will be able again to diffolve and take up 


the Water it "before depofited, and the 
Moiſture on the Bodies expoſed to it will 


diſappear, the Hygrometer will point to 


DRY, and we may then promiſe our- 
ſelves fair Weather. . 


1 . 
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I obſerved before * that if a Bottle be 
filled with a very cold Liquor and expoſed 
to warm Air, a Dew will ſoon be formed 
on its Surface, by the Moiſture which the 
cooled Air depoſites. Now if we ſuppoſe 
this Body ſtill to retain the ſame Degree | 
of Cold whilſt the Air paſſes over it, the 
Dew on its Surface will continually en- 
creaſe and run down its Sides in ſmall 
Streams of Water. This ſeems to be 
exactly the Caſe of Mountains whoſe 
Tops reach into the colder Parts of the 
Atmoſphere, and which therefore are 
| themſelves colder than the Air in gene- 
ral. For when the Wind blows the lower 


Parts of the Atmoſphere (which are the 


warmeſt .and moſt replete with Vapours) 5 
Againſt the Sides of the Mountains, it 
being there ſtopped in its Courſe, muſt 
neceſſarily. aſcend and paſs over their 
Tops; this Air will therefore be conſider- 
ably cooled in its Progreſs up the Sides 
and over the Tops of the Mountains, 
and conſequently muſt let 89 a great 


Fete 18, | 


Part 


Part of the watery Vapours it contains; 


| I which will be precipitated in Dew and 
1 Moiſture, upon the Surface of the Moun- 
W tains, where it will ſink into the earthy 

I Parts, or inſinuate itſelf into the Chinks 
. and Crevices of Rocks, and being there 
e collected, will afterwards break out. in 
. SpRINx OS and FounTaiNs, and become 
1 the Source of Rivers, which are known 
- to take their Riſe in Mountainous Coun- 
8 tries. And on this Account we might have 


Attraction, in Conſequence of which we 
often ſee ſome Clouds continue at reſt 
on the Mountains, whilſt others at a Diſ- 
tance are carried on 9 by the Wind. 


QC Hence | 


ſmall Springs and Rivers near Moun- 
tains, tho there were neither Clouds nor 
Rain. But the Moiſture which the Air 
uſually depoſites on the Mountains muſt 
be conſiderably encreaſed by the Clouds 
which are driven againſt them, and ac- 

| cumulated by the Winds, for their Parti- 
cles being then preſſed together will run 
into ſmall Drops of Rain. Beſides, it is 
well known that Mountains gather. and 
retain the Clouds about them by their 
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Hence it is that Countries in the Neigh- 


„ 


bourhood of high Mountains are the 1 
1 fubje&t to en Rains. | t 
1 . 1 
Ee Thus have ew how the Aſcent of 1 
aqueous Vapours and their conſtant Cir- f 
culation, by precipitating again in Moi- T 
{ture and Drops of Rain, will ariſe from 1 
the diſſolving Power of the Air, influ- C 
enced by the Viciſſitudes of Heat and 1 
Cold, Condenſation and Rarefaction; 1 
which Cauſes, as they take Place in dif- b 
ferent Degrees, will occaſion thoſe vari- I 
ous States of the Atmoſphere in reſpect 4 
to Dryneſs or Moiſture, which we expe- 
rience in the ſeveral Changes of the Wea- | 
ther. To which the Winds contribute ſe 
very much by heating or cooling, con- t. 
denſing or rarefying the different Parts * 
of the Atmoſphere, and by promoting n 
the Solution of Water in Air, as they tl 
mix thoſe Fluids together, or (when the tl 
Air is already ſaturated with aqueous fi 
Vapours) by preſſing together the Parti- te 
cles in the Clouds, and thereby cauſing ti 
them to run into Drops.” £ e 
If 
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If we may thus, from the known Pro- 
perties of Solution, account in a ſatisfac- 


tory Manner for the Aſcent and Cireu- 
lation of aqueous Vapours, and the ſeve- 
ral Phænomena ofthe Atmoſphere ariſing 
from thence ; it muſt be a great Confir- 


mation of the Arguments brought to 
prove that Evaporation is only a parti- 
cular Species of Solution; and therefore 


that they botk proceed from the ſame 
Cauſe, viz. the Attraction that obtains 
between the minute Particles of different 


Bodies, which is the Means of carrying 


on ſo _—_ other een of Nature. 


And . upon has Pracpke; Ar 


ſeems better fitted to be a general Solvent 
than any Fluid we know of; becauſe i its 
Particles, not attracting each other, are 
more at Liberty to unite themſelves to 
the minute Particles of ſuch Bodies as 
they do attract. And accordingly we 
find the Atmoſphete contains in it Mat- 


ter of all Kinds. The odoriferous Par- 


ticles of Bodies ſeem to be ſtrongly attract- 
ed by the Air, as they are ſo very readily 


0-3 diſperſed | 


* 


n 
* 
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1s a very light volatile Body, may-be en- 
tirely diſſolved in Air without leaving any 
Remainder. The Air abounds with Vi- 
triolic and other Acids, as is plain from 
the ruſting of Iron expoſed to it. It a- 
bounds alſo with ſulphurous, nitrous, 
and other inflammable Particles, as ap- 
pears by the frequent Meteors kindled in 
it. For we have many Subſtances, ſuch 
as ſtrong Acids and eſſential Oils, which 
being thrown together will unite with 
ſuch Violence as ſuddenly to burſt into a 
Flame, and therefore when the Particles 
of thoſe Bodies, floating promiſcuouſly in 
the Air, happen to come together in a 
ſufficient Quantity by their mutual At- 
traction, (which we know is very ſtrong) 
they muſt kindle into a Flame, and if 
many Particles of the inflammable Kind 
lie contiguous, the Fire will run in a 
Train, aud form, what we call, ſhooting 
Stars, and other blazing. Meteors. In 
| ſhort, the Atmoſphere may be conſidered 
as a Chaos containing Particles of all 
Sorts of Bodies; and as the great Inſtru- 
ment 


ment of Nature for keeping up a general 
Circulation of Matter; and by which not 
only Water is every where diſperſed, but 


oftentimes the Eggs of Inſects and the 


Seeds of Plants are conveyed from Place 
to Place, both which have been found in 
Rain- water, on examining it carefully 


juſt after it had fallen; and indeed we 


ſometimes find Inſects and Plants in ſome 


Places where their Appearance cannot 
well be accounted for, otherwiſe than by 


ſuppoſing their Eggs and Seeds to be 


e thither by the Air. 


CY 


1 1 two day e 
in which this diſſolving Power of the Air 


tance. Dr. Boerhaave, ſpeaking of that 
Power or Quality of Air, which makes it 


neceſſary for the Preſervation of Animal 
Life, calls it a certain hidden Virtue, not 


to be accounted for from any of the Pro- 
perties of Air then diſcovered. Perhaps 
we may be led to ſome Knowledge of it, 
by conſidering on what Account Air may 
become unfit for Reſpiration by paſſing 
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two or three Times thro the Lungs of an 
Animal, for we find that an Animal in- 


cloſed in ſuch Air will foon expire. I 
think we may be ſure that one Purpoſe, at 


leaſt, for which Air was deſigned, is, the 
carrying off that Moiſture and other per- 
ſpirable Matter which conſtantly exhales 
from the Lungs, for this we know it actu- 
ally does. Now as Air loſes nothing of 
its Elaſticity by paſſing thro' the Lungs, 


an Animal might ſtill continue to breathe 


the ſame Air, and it would ſtill continue 
fit for all ſuch Purpoſes in the Animal 
Oeconomy as may be anſwered by the al- 


ternate Expanſion and Contraction of the 


Lungs in Reſpiration. But this Air muſt 


in a ſhort Time become ſaturated with that 
Moiſture and other perſpirable Matter 


which it meets with in the Lungs, and muſt 


then loſe its Power of diſſolving and carry- 


ing off any more of that Kind of Matter; 


which Nature intends ſhould be conſtant- 


ly diſcharged, and which will therefore 
continogſly encreaſe and thereby oppreſs 


the Lungs, heat the Blood, or produce 


Wen aher ain Effects as are more 


/ imme- 
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immediately fatal than thoſe, ariſing from 
the Stoppage of external Perſpiration. So 


that an Animal incloſed in ſuch Air can- 


not live long, and will perhaps die ſome- 
what in the ſame Manner as if it had been 


drowned. [E] Whether the Air we 
breathe may depoſite, in our Lungs, any 
Kind of Matter neceſſary to the Support BY 
of Life, I cannot rere to judge, nor i is 


le] As Air even when alas wich 
Water retains its Elaſticity, I took it for grant- 
ed that it would not become leſs elaſtic by paſſ- 
ing thro” the Lungs of an Animal. But finding 
that the contrary Opinion was held by ſome, who 
uppoſed that Air, having paſſed thro the Lungs 
of an Animal, became unfit for Reſpiration 'by 


loſing its Elaſticity, L reſolved to try how the Fact 
was by the following Experiment. Ina Receiver, 
eight Inches in Diameter and twelve Inches high, 


having under it a Piece of oiled Leather, J in- 


cluded a pretty large Chicken, and tied the Re- 


ceiver cloſe down to the Table; thro? a Hole in 
the Top of the Receiver went a Glaſs Tube, open 
at both Ends, cemented round the Hole with 


Wax; the lower End was immerſed in Water, 


(tinged blue) WHYek ſtood in a ad under the 
Receiver. | 


In about an Hour aſe his Chicken was 101 
cluded it grew much diſtreſſed, gaped wide aud 
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it my Deſign to enquire; what has been 
ſaid ſhews the Neceſſity of freſh Air in 


| Reſpiration, and by what Property it is 


| breathed with oreatDifficulty, and in halfan Hour 
more it ſeemed almoſt ready to expire; the Inſide 


of the Receiver was then covered with” Moiſture, 
which in ſome Places ran down in Drops. | 
Nov if the included Air had loſt any of its Elaſ- 


ticity by paſſing thro' the Lungs of this Animal, 
it could not have preſſed ſo ſtrongly on the Water 


in the Glaſs as it did at firſt, and then the exter- 


nal Air would have preſſed thro' the Tube, and 
appearedcomingupthrough the Water in Bubbles, 
But no ſuch Thing happened, for as ſoon as the 


Receiver was tied down, the Water in the Tube 


| roſe about one Fifth of an Inch above the Water in 


the Glaſs, and ſo continued during the whole Time 
of the Experiment, except that it roſe and fell near 
one Tenth of an Inchevery Time that the Chicken 
breathed ; and theſe Vibrations of the Water in 


the Tube I obſerved grew ſlower, and moved thro? 


a greater Space towards the latter End of the Time; 


which ſhewed that the Chicken then took in more 


Air every Time it breathed, than it did at firſt, 
endeavouring thereby to throw off the Moiſture 
which then oppreſſed its Lungs, After Things 
had ſtopped thus above an Hour and a Half, thoſe 
who ſaw the Experiment, were convinced that the 


included Air had not loſt any of its Elaſticity, 


though grown quite unfit for Reſpiration, the 
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adapted to anſwer one very important 
Purpoſe, and alſo how Air may ſoon be- 


come unfit for that Purpoſe. But here 1 


will venture to aſk, whether it is not pro- 
bable, that, in the conſtant and quick 


Evaporation of Moiſture from the Lungs, 


ſome Degree of Cold may be produced, 


as in other Evaporations, which, together 


with the freſh Air taken in, may ſerve to 
cool the Lungs and the Blood- paſſing 


thro” them? We may ſee from hence 


that moiſt Air muſt be very unwhole- 


fome by its not ſufficiently promoting 


the neceſſary 1 On Internal 
and external.” 


114 


Ale ie is not leſs weceury for the Su pport 


of Fire than of Animal Life; for Fire wilt - 


not long continue to burn without a Cir- 


culation of Air. Now I ſuppoſe this hap- | 
pens, not from its adding any Thing to 

the Pabulum of Fire, (for Fire ſeems to be 
otherwiſe ſufficiently provided with Pabu- 


lum) but rather on this Account; that the 


Air immediately about a Body on Fire is 
beated and made ſpecifically lighter than 
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32 ON THE ASCENT. 
the Air at ſome Diſtance from it: Thie 


hot Air muſt therefore aſcend and carry 
with it all thoſe minute Particles of diffe- 


rent Kinds which are thrown off from the 
burning Body, and which would other- 
uiſe reſt upon its Surface, and thereby clog 
and ſtop the ſubtile Vibrations of the 
burning Matter, in which the Nature of 
Fire partly conſiſts. If therefore Fire be 
confined in a cloſe Place, where there can 
be no Circulation of freſh Air, the Air 


about it, being ſoon ſaturated: with the 


Particles ariſing fromthe burningMatter, 
will not be able to take up any more of 
them, and therefore the Fire muſt go out, 
ſmothered as it were with ſuch Particles 
as are no longer combuſtible. And hence 
it is that Fire burns faſter when Air is 
ſtrongly blown upon it, for then the Aſhes | 
are carried off as faſt as they are formed 
on the Surface of the burning Body, and 


thereby the Particles that have juſt taken 


Fire are kept quite free from any Thing 
that can impede and clog their vibratory 
Motion. The Air in this Caſe will alſo 
ſpread the Fire quickly thro! the Fuel, by 
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blowing the Particles that are already! Kin- 
dled among thoſe that are not; and per- 


haps the Motion of the Air in this Caſe 


may promote the ſubtile Vibrations in the 


burning Matter by which the Fire is pro- 


pagated thro' its Parts. As the Air con- 
tains many ſubtile Particles of the inflam- 
mable Kind, it is not improbable that theſe 


mixing with the groſs burning Matter may 


help to preſerve and enliven the Fire; but 
I think it moſt probable that Air ſupports 
Fire chiefly by carrying off ſuch Particles 


as are burned out, and would therefore 
obſtruct the Progreſs of the Fi ire; becauſe 


we find that the ſtrong elaſtic Steam of 
Water driven violently out of the Pipe, of 
an [y] Zolipile, which will carry off thoſe 


Particles, will alſo blow up and increaſe 


the Fire as well as Air driven from the 
Bellows, although. the Steam does not 
contain any inflammable Particles. 


[er] An S. lihilt in a hallo Globe of Iron 6 


Cone into which is ſcrewed. a long Pipe, 
whoſe End is commonly bent into a Curve ; it 


has a very ſmall Orifice, out of which the Steam 


| Iſſues with great Violence, when Water is boiled 


za the Zolipile. vr ad in Fig. 1. 
1 5 5 . 6 
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To this general Obſervation, that Air is 
neceſſary for the Support of Fire, we muſt 
admit one Exception; for Nitre will burn 
in a cloſe Veſſel, or in Vacuo. The Cauſe 
of this ſingular Phznomenon I fhall en- 


deavour to aſſign from what has been 
ſaid. Nitre, when ſet on Fi ire, burns with 
more Rapidity and Violence than any Bo- 


dy we know of, its burning is a kind of 


Exploſion, and produces a very fierce and 
elaſtic Flame, for which Reaſon it is a ne- 
ceſſary Ingredient in Gun- powder, Pulvis 
fulminans, and all other fulminating Com- 


pounds. When therefore a Piece of Nitre 


takes Fire, its elaſtic Flame drives off the 

Fumes and Vapours (with which the Air 
in the Veſſel may be then ſaturated) and 
. defends the burning Matter, ſo that they 


cannot ſettle upon it and extinguiſh it, as 


they do other Bodies that burn ſlowly and 
without any Exploſion. And on this Ac- 
count Nitre, and other in flammable Mat- 

ter mixed with it, will burn in cloſe Veſ- 
ſels, or even in Vacuo. This will further | 
appear from conſidering the Manner in 
wm Nitre firſt rakes Fire, and the Rea» 
ſon. - 
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ſon of its exploding Quality. Nitre will 
not burn by itſelf tho” melted and made 
red hot, but when it comes in Contact 


with any Body actually on Fire, and 
which therefore contains an inflammable 


Matter, or (as it is called) the Phlogiſton, 


it burſts into a Flame. Here the Chy- 
miſts ſay, that the acid Spirit of the Nitre 


unites ſo rapidly with the Phlogiſton, which 


is detached from the burning Matter, that 
by the Violence of their Congreſs they 


both vaniſh together in a Flame. And 
they prove this to be ſo, by throwing 


ſtrong Acid of Nitre on any thick eſſential 
Oil, which conſiſts almoſt wholly of the 


Pplogiſton, for then the Mixture will ſud- 
denly burſt into a Flame with a violent 
Explofion. Therefore ſo long as Nitre 
and the inflammable Matter are thus in 


Contact, no Fumes or Vapours floating 
about them can prevent that rapid Union 


between their Parts which muſt neceflari- 


ly make them continue to burn. The 
Air, which is produced from burning 
Nitre, may poſſibly add to the Elaſticity 


5 of its Flame. But I do not think it pro- 


bable 
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566 ON THE ASCENT 
bable that this Air can contribute much 
to keep a large Quantity of Nitre burn- 


ing ſo long as it will do in a \ Cloſe 
Veſſel. 


I th hs ſhewn by what Property 
Air, produces the Evaporation of Fluids 
and ſeveral other Effects, I come now to 
treat of thoſe Vapours that are raiſed 
merely by Heat. Although the Parti- 
cles of Fluids in common Evaporation 
are raiſed into the Atmoſphere by the at- 


tracting and diſſolving Power of the Air, 
yet in ſome particular Caſes Vapours will 


be raiſed by other Cauſes. For in ſome 


Places the Earth often ſends forth hot 


elaſtic Vapours that riſe into the Air by 


means of their Elaſticity, and carry up 
with them Mineral and Foſſile Particles 


of different Kinds. Fermentation gene- 
rates elaſtic Vapours which expand them 


ſelves into the Air. And the Particles 


of Water and other Fluids, when ſuffici- 
ently heated, acquire a repelling Force 
which ſeparates them from the Alge 
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But all theſe Vapours ſoon loſe that F- 
laſticity by which they were at firſt raiſ- 


| ed, and they muſt then be retained and 


kept ſuſpended in the Air by the ſame 
Power that keeps up all the Vapours 
that riſe without any 1 in com- 
mon eee 


That che Wecken of Steam which riſe 


from hot Water are endued with a repell- 


ing Force, appears plainly when Water 


is boiled in a cloſe Veſſel, for then the 


Steam becomes ſo exceedingly elaſtie that 
it will burſt the ſtrongeſt Veſſel. In this 


Caſe the boiling Water, being ſtrongly 
preſſed by the Force of the included 
Steam, conceives a much greater Heat 


than it will ever do in an open Veſſel; 


for even when Water is boiled in the o- 


pen Air it is ſomewhat hotter when the 


light, which ſhews that Preſſure upon 


boiling Water encreaſes its Heat; the 
Reaſon of which we may perhaps ſee pre- 


ſently. But the moſt remarkable Phæ- 
nomenon that attends the boiling of Wa- 


ter, 
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ter, is the large Bubbles which continue 


to riſe from the Bottom ſo long as the 
Water boils, and long after all the Air 
is driven out of it, concerning which 
there have been various Opinions. Dr. 
HBoerhaave, in his Elements of Chymiſtry, 


proves by ſeveral Arguments, that theſe | 


Bubbles do not ariſe from Air, and with 
regard to their Production, he ſeems to 
be of the ſame Opinion with Stairs, (to 


whoſe Work he refers) that they ariſe 


from ſome active Fires reſiding in the 
Water. Marriotte, whom he alſo men- 


tions on this Occaſion, calls theſe Bub- 
bles Fulminations, and ſuppoſes that they 
may proceed from ſome Kind of ſaline 


Particles contained in the Water, which, 
being heated, act in the ſame Manner 
that the Aurum fulminans does when 
heated. Ir has been alſo a received O- 
pinion that theſe Bubbles are occaſioned 
by ſome fubrile elaſtic Fluid tranſmitted 
from the Fire through the Bottom of the 
Veſſel, and this, I think, was the Opinion 
of Homberg. However I conceive that 
à Fluid ſo ſubtile as to paſs thro? the Bot- 
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tom of the Veſſel, would paſs alſo thro 
the Water ſo eaſily as not to diſturb it; ; 


and therefore I have for ſome Time 


ſuſpected, that theſe Bubbles are formed | 


only by an elaſtic Steam, in the Manner 
J ſhall now deſcribe. The Particles on 


the Surface of the Water, long before it 
boils, will, by means of the repelling 
Force which the Heat introduces among 
them, riſe in Steam, and will inſinuate 
themſelves into the Air which yields ea- 
ſily to them; but thoſe Particles that are 
preſſed againſt the Bottom, by the Weight 


of the Atmoſphere, and of the incum- 


bent Water, will require a greater De- 
gree of Heat to render them ſo elaſtic 
that they ſhall be able to overcome 
this Preſſure, and expand themſelves 
into a greater Space. Now ſince Heat 


expands Water and makes its Particles 


repel each other, according to its differ- 
ent Degrees, we muſt ſuppoſe that theſe 


Particles, from their being in Contact 


with the Bottom of the Veſſel, will at 


length acquire ſuch a Degree of Heat as 


will give them a repelling Force ſufficient 
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to overcome the Preſſure they ſuſtain, 
and to expand them ſuddenly into thoſe 
large Bubbles that aſcend thro' the Was 


ter when it boils violently, 


I have lately made ſome Obſervations 
and Experiments which ſeem to confirm 
this Opinion. Theſe Bubbles which aſ- 
cend from the Bottom, I obſerved, always 
grow leſs in their Progreſs upwards, and 


thoſe ſmall Bubbles that adhere to the 
Bottom for ſome Time before they aſ- 


cend, often diſappear entirely before they 


reach the Surface, which ſhews that when 
the Matter they contain, or any Part of 


it, loſes the Heat it had at firſt, it is * 
gain turned into Water. 


When Water that has ju wel or 


is even conſiderably leſs hot than boiling 


Water, is poured into a Glaſs and ſet un- 
der the Receiver of an Air- pump, and 


the Air is almoſt drawn out, the Water 


will boil more violently than it does on 


the Fire, the Bubbles breaking out from 
all Parts of it. In this Caſe, no ſubtile 


Fluid 
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Fluid can: be ſuppoſed to riſe thro? the 
Bottom of the Veſſel, but the Heat which 
the Water retains will then give its Par- 
ticles an elaſtic Force ſufficient to over- 
come the Preſſure of what little Air re- 
mains in the Receiver, and will expand 
them into Bubbles. And that theſe Bub- 
bles are compoſed of Steam appears 
plainly from this Experiment, for as 
ſoon as they begin to aſcend the Receiver 
is filled with Steam, which being con- 
denſed by the Cold runs plentifully down 
its Sides in Water. From hence we ſee 
the Reaſon why Water in Vacud boils 
No a very, imall Degree of- Rent. 3 


. a Veſſel of: Water had, hoiled 
*cill all the Air-Bubbles were driven out 
of it, I turned upon its Mouth a large 
Glaſs that lay on its Side under the Wa- 


| ter; the Bubbles, chat aſcended under the 


Glaſs, remained in the upper Part of it, 

and forced out the Water it before con- 
tained, and then the elaſtic Matter in the 
Glaſs overturned it, and aſcended to the 
Top, in one Lange: Bubble, upon Which 
5 dhe 


the Steam on the Surface was much en- 
creaſed. Now this ſhews that the Mat- 


ter contained in theſe Bubbles, which at 
firſt is quite tranſparent, being a very 


rare and homogeneous Fluid, appears 
afterwards like Steam when it is mixed 


with the Air. But I thought I ſhould 
make a concluſive Experiment if I could 
obſerve the Effects of a very hot Steam 
conveyed under boiling Water. There- 
fore when an #olipile had boiled till all 
the Air was driven out of the Water it 
contained, without taking it off the Fire, 
I immerſed its Pipe into a Veſſel of Wa- 
ter which had juſt been boiled, and im- 


mediately the Steam that iſſued from the 


Pipe roſe up in very large Bubbles thro? 
the Water, and made it appear to boil vio- 


lently. I then held a large Glaſs of cold 


Water, ſo that the Pipe of the boiling o- 


lipile was immerſed in it; at firſt none of 


theſe Bubbles appeared, for the Steam, 


being then condenſed by the cold Water, 


was mixed thro' it, making a very loud 
and uncommon Noiſe: but as ſoon as the 
7 Water in the. Glaſs grew very hot, this 


Noiſe 
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Noiſe ceaſed, and the Steam, being no 


longer condenſed, roſe in large Bubbles, 
as before, and made the Water appear to 


boil with ane: Wieder 


; 1 : if 
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fecik to diſcover fully to us the Nature 


of thoſe Bubbles that aſcend thro' boil- 
ing Water; and lead me to make ſome 
further Remarks on the Degrees of Heat 
that different Wen acquire in enn 


4 


The es of: A Fluid 3 thi Bots 


tom of a Veſſel grow hot firſt, and being 


then expanded and made lighter, they 


aſcend and change Place with the colder 


and heavier Parts, which occaſions that 


inteſtine Motion we perceive in Liquors 


while they are growing hot. And thus 


the Heat of the Whole will continue to 


increaſe, until thoſe Particles, that are in 
Contact with the Bottom of the Veſſel, 
acquire, ſuch a Degree of Heat as will 
give them a repelling Force ſufficient to 
overcome the Weightof the Armoſphere, 


the Weight of the incumbent Fluid, and 


the 
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the Tenacity of its Particles, and chef 
they will be ſuddenly expanded intoBub: 


bles of Steam, and aſcend quickly to the 
Top, without communicating this Heat 


to the ſurrounding Fluid. For as theſe 
Bubbles have a Degree of Heat but lit- 
tle ſuperior to that of the. Fluid, and juſt 


ſufficient to keep them expanded, if they 


were to loſe any of it, by communicating 


it to the Fluid in their Aſcent, they would 


all diſappear before they got to the Sut- 


face, as the very ſmall ones do which aſ- 


cend but ſlowly ; or if the whole Fluid 
was to grow at once as hot as the Bub- 
bles, it would, like them, be all turned 


into an elaſtic Steam. And therefore 


the Fluid itſelf cannot grow hotter than 
it was when theſe Bubbles began to aſ- 


cend; but muſt all boil away in the ſame 


Degree of Heat. [6] Provided it be ſuch 


[e] That theſe Bubbles are really hotter than 


the other Parts of the Fluid, I found by immerſ- 
ing a Mercurial Thermometer with'Fabrenhiit's 


Scale into a Veſſel of boiling Water, for it roſe 


one. Degree higher when held among the Bub- 


bles, where they were moſt numerous, than 1 it did 


pt the orbgr farce of the Water. 4 


8 1 Fluid 
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E Fluid as will not grow denſer or more 


viſcid and tenacious by boiling, and of 


this Kind are Mercury, Water, Spirit of 


Wine, and ſeveral others, for theſe Flu- 
ids are found to boil reſpectively with 
600, 212, and 175 Degrees of Heat, 
and afterwards they do not grow hotter. 
The Reaſon of which is plain, for whilſt 
the Preſſure upon a Fluid, and its Denſi- 


ty and Tenacity continue the ſame, the 


ſame Degree of Heat will always be 
ſufficient to ſeparate its Particles and ex- 
pand them into Steam; which is the 
greateſt Effect that Fire can produce on 


any Fluid without actually inflaming it. 
Hence it is obvious that an additional 


Preſſure on boiling Liquors, or an En- 


creaſe of their Denſity or Tenacity, will, 


by keeping their Particles more ſtrongly 
together, enable them to bear a greater 
Degree of Heat before they are expand- 
ed into Steam and begin to boil. It is 
very obſervable that all oily Liquors, 
which refract the Rays of Light more 
ſtrongly than others do, acquire alſo a 
much greater Heat in boiling. Thus 
1 Oil 
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Oil of Turpentine and other thin eſſen- 
Tial Oils, that are procured by Diſtilla- 


tion, boil with about 560 Degrees of 
Heat, which however as the boiling 
continues is always encreaſing; the 
more volatile Parts flying away, and 
leaving the Reſidue thicker, more viſcid, 
and ſuſceptible of greater Heat, 


| Common. vegetable ang animal Oils 
begin to boil with 600 Degrees of Heat, 
which is the ſame with that of boiling 


Mercury, and therefore is the greateſt 


Heat that can be meaſured by a Mercu- 
rial Thermometer. But it has been 


found, by the Expanſion of an Iron 
Rod, that Oils grow continually hotter 


by boiling, and at length their Heat 
encreaſes ſo much that Wer burſt 1 into 
Flame. | 


There 1s indes one Obſervation, 


: which, if true, would contradict what 


93 have ſaid as to the Heat of boiling 
Liquors being in ſome Meaſure owing | 


to their Viſcidity ; for it is commonly 
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ſaid that Tar; which is a viſcid Liquor, 


boils with ſo ſmall a Degree of Heat, 
that the Workmen ſkim the Droſs off it 


with their Hands. But this I found to 
be only the Appearance of boiling, for 
having placed a Veſſel of Tar on the 
Fire; as ſoon as the Thermometer ſnew- 
ed it to be a little hotter than the human 
Blood, a great Quantity of Air roſe out 
of it in Froth and Bubbles, carrying up 
ſome Droſs with it, and then I could ea- 
fily bear to hold my Finger in it; but 
ſoon after, when the Tar began really to 
boil, the Thermometer roſe as high as it 
does in boiling Water, and was ſtill riſ- 
ing. For Tar, when one Half of it is 
boiled away, becomes Pitch; and it is 
well known that boiling Pitch is hotter _ 
than boiling Water; ſo that this Expe- 
riment . correſponds exactly with the 
Theory I have laid down in Regard to 
the Heat of; omg Ligue: olds Sun 
Hic we. have Laird onls the 
Effects of ſuch Degrees of Heat as are 
great enough to expand Liquors into 
$511.57) £7" Large : 
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s ON THE ASCENT 
large Bubbles and make them boil, or to 


raiſe a viſible Steam from their Surface; 


but I find it neceſſary (for a Reaſon I 
ſhall mention. preſently) to conſider alſo 
the Effects of the leffer Degrees of Heat, 


down to that which is juſt: es e to 
Rm Ne in a State of F HF 


It is — allowed chat Heat keeps 


Bodies fluid, by cauſing their Particles in 
ſome Meaſure to repel each other, and 
thereby preventing them from coming 
into ſuch cloſe Contact as would render 
them hard. Now I ſhall ſhew from Ex- 
periments that all Degrees of Heat above 
what is neceſſary to keep Liquors fluid, 


will raiſe from their Surface (provided 


they are not viſcid) ſome Kind of Steam, 


which, for Diſtinction's ſake, T ſhall call 
an Efluvinm. Under a large Glaſs ſet a 
Cup of Water, not hot enough to emit 


any viſible Steam, and let the Glaſs be 


expoſed to the cold Air, a Dew will ſoon 


appear on its Inſide, Here an Effluvium 


is raiſed from the Water, but it riſes too 


un and in too {mall a Quantity to be- 


come 


— 
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come viſible till it is condenſed on the 
Glaſs, As Steam tiſes from hot Li- 
quors more abundantly when the Preſſure 
of the Atmoſphere is taken away, it may 
be ſuppoſed that this Efffuvium will alſo 
riſe more copiouſly from colder Liquors 
in the fame Caſe, as we ſhall ſee it really 
does by what follows. From a great 
Number of Experiments made with Spirit 
of Wine, of different Degrees of Strength, 

I found that, at a Medium, the Quantities 
loſt in the ſame Time in a cloſe Receiver 
full of Air, in one only half full of Air, in 
Airrarefied two andfortyTimes,and inthe 
| open Air, were nearly ia the Proportion of 
, 15, 6, and 48. The fame Kind of Spirit 
was uſedineachExperiment,theTime was | 
24 Hours, and the Spirit was contained in 
equal Cups, ſo that their Quantities and 
theirSurfaces were as nearly equal as might 
be. That all the Spirit yſed in each Ex- 
periment might be in the 2 75 Circum- 
ſtances, before I put it into th 175 k 
drew from it all the Air I could 
Air-purap, which could not rarefy the 
Air in the Receiver more than two and 
2 a forty 
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forty Times; it v Was neceſſary, to do this, 


becauſe the Spirit loſt five or ſix Grains 


in a few Minutes while the Air was 
drawing from it by the firſt Exhauſtion 


of the Receiver, and a Quantity leſs 


d, leſs during the ſecond and third Ex- 


0 hauſtions, A Cup of Water, when in 


A warm Room, loſt one Grain on the firſt 
Exhauſtion, and when it had afterwards 


ſtood in the exhauſted Receiver for 24 


Hours, it loſt two Grains and a Half, 
while the ſame Quantity of Water loſt 
35 Grains in the open Air ; but Ice that 


Was thawing, or Water with Ice in it, did 
not loſe any Thing in the exhauſted Re- 


ceiver, or in a cloſe Receiver full of Air. 
Theſe Experiments were made in a large 
Room without a Fire, and the Fluids, 
whoſe Loſſes I compared together, had 
the ſame Degr ee of Heat. 


1 bo Spirit of Wine, which | is 0 eafil 


| rareff £ by Heat, and which has always 


more at than is ſufficient to keep it 


fluid, loſt i in every Ex periment conſider- 
Ah more than Water did in the ſame 


Circum- 


14 
AX. ; 
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Circumſtances; and as Water did not loſe 
any of its Weight, when it had not more 


Heat than was neceſſary to keep it fluid, 
I think the riſing of an Effluvium from 


Ex- theſe Liquors may juſtly be aſcribed to 
n in the r epelling Force given to their Parti- 
6r( cles by certain Degrees of Heat. The 
ards Air in the Receiver did not contribute ; 
1 24 to this Effect, but on the contrary pre- 
Talf, vented it, ina great Meaſure, by its Preſ- 


ſure, for the more Air was drawn from the 


loſt 
chat Receiver, the greater Quantity of this 
| Effluvium aroſe. I obſerved, that when 


the Air was rarefied two and forty Times, 
the Effluvium that roſe from the Spirit, 


Air. 
arge which was ſometimes near forty Grains in 
ds twenty- four Hours, not being ſupportec 

3 


by a ſufficient Quantity of Air, and long 
its firſt Elaſticity by being very much ex- 
panded, fell by its Weight to the Bottom 
and covered it and the 20er Parts of the 
Receiver with Moiſture; | But none, or 
very little, of this Moiſture appeared 
when only one H alf of the Air was drawn 
out of the Receiver, for the EfJuviuny 
winch then aſ cended (amounting general 
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ly to eight or nine Grains) was ſupported 
by the remaining Air; but when J rarefied 
this Air ſuddenly, as in an Experiment 
before mentioned, (Page 37.) the Efflu- 
vium was immediately gathered into a vaſt 
Number of viſible Drops, and fell to the 
Bottom. This plainly ſhews that the Ef- 
fluvia which are raiſed from Liquors, by 
theſe very ſmall Degrees of Heat, cannot 
continue ſuſpended, unleſs they are ſup- 

n by a ſufficient Quantity of Air. 5 


4; thought it 8 to make theſe 
7 Fg and Obſervations, in order 
to obviate an Objection which might be 
made to the Principle I have endeavoured 
to eſtabliſn. For, as it is found that Flu- 
ids loſe of their Weight both in an exhauſt . 
ed Receiver, and in the open Air, it 
might be ſaid that this Loſs proceeded 
from the ſame Cauſe in both Caſes, and 
therefore that common Evaporation did 
not depend on the diſſolving Power of 
the Air. But from theſe Experiments, 1 
think, we might give a ſufficient Anſwer 
to ſuch an geen, For it appears, 
LL 


firſt; that Ice, or Water that has no more 


The Quantity which the Spirit of W 
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Heat than is neceſſary to keep it fluid, 
loſe nothing of their Weight in an ex- 
hauſted Receivet, tho' they loſe very con- 
ſiderably in the open Air. Secondly; 


loſt by Evaporation in the open Air, was 
eight Times greater than what it loſt In 
the ſame Time by an Effluvium, when 
the Air in the Receiver was rarefied two 
and forty: Times; therefore the Cauſe of 
Evaporation muſt be a much more pow- 


erful one than that which raiſed the Efflu- 


vium. And further, the Quantity loſt 
by "Evaporation was forty-eight Times 
greater than what was loſt, in the ſame 
Time, by un E Huvjum, when the R- 


ceiver was full of Air; therefore, ſuppoſ- 


ing the ſame Effluvium to riſe from it 


in the open Air, we muſt allow that of 


the whole Quantity which the Spirit of 
Wine loſt in the open Air, one Part only 


in forty- eight could be owing to that Ef= 


fluvium which is occaſioned merely by its 
Heat, conſequently forty-ſeven Parts - 
muſt have been carried off by ſome very 


D4 pow- 


24 ON THE ASCENT 
powerful 'A&ion'of the Air; which muſt 
alſo be the ſole Cauſe of the Evaporation 

of Ice or very cold Water, which are 
found not to emit any Effluvia in an ex- 
hauſted Receiver. And this Action of 

the Air J have ewn to bei its N 
Power, 


Y „ Yelevs we conclude, it may not be amiſs 
to take a general View: of the important 
Purpoſes which Air is: contrived to an- 
ſwer, and of the Means by which it is 

adapted to theſe ſeveral Purpoſes. By its 
Subtilty and Elaſticity it is capable of 
being eaſily taken into the Lungs of Ani- 
mals; and by its attracting and diſſolving 
Power it carries on that Perſpiration, both 
internal and external, which we find is 
neceſſary to the Preſervation of Life. By 
the ſame Power it takes away the ſuper- 
fluous Moiſture from Trees and Plants, 
and thereby promotes Vegetation. By the 
ſame Power it raiſes and ſuſtains aqueous 
Vapours, and its Heat or Denſity being 
_ diminiſhed, it returns them again in Rain 
and Dew, and thus keeps vp a continual 
. Circu- 
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OF VAPOURS, & 75 
Circulation of Moifture. By the ſame 
Power it contributes to the Support of 
Fire, by carrying off from burning Bodies. 
all ſuch Fumes and Vapours as would: 
otherwiſe extinguiſh them, 


By its Weight and Preſſure on the 
Surface of Fluids it keeps their Particles 
together, and enables them to bear (with- 
out being diſperſed in Steam) ſuch De- 


grees of Heat as are neceſſary for all thoſe 


Uſes to which boiling Liquors are applied. 
By the ſame Preſſure it raiſes Water in 


Pumps and other Hydraulic Engines. 


And laſtly ; we may add to theſe, all: 


the various Purpoſes to which the Winds. 
are ſubſervient ; which are too many to 
be enumerated, and too well known to- 
require being particularly mentioned. 
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Obſervations and Conjectures 
On the Nature of the 
AURORA BOREALIS 


AND THE 


TAILS of COMETS, 
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TT : avid G obferved' At ſome 
+ H ns late Writers, who endeavour to 
- revive the exploded Hypothe- 
ſis of an univerſal Plenum, bring Argu- 
ments in Favour of their Opinion from 
what Sir Tſaac 1 Newton ſays of the Aſcent 
of Comet's Tails in a Direction oppoſite 
to the Sun; I was induced to reconſider 
his Account of that Matter, which, 1 
own, never appeared ſatisfactory to me; 
wp 1 agree intirely with, him that this 
eV 8 P hænomenon 


i 
1 
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80 ON THE NATURE OF THE ; 
Phenomenon affords a ſufficient Proof 
of a Vacuum in the Celeſtial Regions, 
As this is a Subject of ſome Importance 
in Phyſics, I ſhall, in the following Eſſay Ml 
firſt, mention ſuch Objections as occur to gie 
me againſt Sir Iſaac's Opinion as to the ac 
Cauſe of the Aſcent of Comet's Tails; op 
and then offer ſome Conjectures that my Tr 
poſſibly lead to a further Knowledge e its 
this Subject, leaving them to be confirm-W cre 
ed or overthrown as future ObſervationsM the 


and Experiments ſhall determine. Fot bu: 
I think that Conjectures, or Hypotheſes, an: 
when rendered probable by ſome Experi- wt 
ments, and propoſed with Caution, may thi 
be of great Uſe by directing our * the 
ries into ſome certain Channel. an: 
w 
That I may 3 r Le 
ſhall begin by relating the Phænomem co 
of Comets as obſerved by Newton, and M- 
other accurate Aſtronomers, for 1 ſhal ni; 
have erden to refer e to them. th 
M 
It appears thass a Games, is a Kind of ex 
Planer which revolves round the Sun in 


| Ara; 1 a ven 
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roof a very excentric Orbit, and recedes much 
ions. farther from the Sun in its Aphelion than 
ance any of the Planets; it is not viſible until 
ſſay, it comes down into the Planetary Re- 
ur to gions, and then appears ſurrounded with 
d the a denſe Atmoſphere, and from the Side 
ails; oppoſite to the Sun, it emits a ſhining 
may Train, which we call its Tail. It is at 
ge ol its firſt Appearance very ſhort; and en- 
firm · creaſes as the Comet approaches towards 
tion the Sun, and immediately after its Peribe- 


For von, the Tail is longeſt and moſt luminous, 
neſes, and then is generally obſerved to be ſome- 
peri- what bent, and to be convex towards 


, may 
nqul 


thoſe Parts to which the Comet moves; 
the Convex Side being rather brighter 
and better defined than the Concave Side, 
When the Tail arrives at its greateſt 


ally, | 


Length, which in ſome Comets has been 
men computed to be 60 or 70 Millions of 
, and Miles, it quickly decreaſes and ſoon va- 

ſualſ niſhes entirely, about the ſame Time that 


them the Comet itſelf ceaſes to be ſeen. The 
\ Matter of which the Tail is formed is 
exceedingly rare, and ſa very pellueid 
that the Light of the ſmalleſt Stars ſuffers 
| e a 


nd of 
zun in 
a Ver} 


$2 ON THE NATURE OF THE 


no Diminution in paſſing thro! it, for Sir 
Iſaac Newton obſerves: © The extraor- 
dinary Rarity of Comet's Tails may be 
collected from the Stars ſhining: thro' 

them; for the ſmalleſt Stars are ob- 
© ſerved to ſhine without any. Loſs: of 
_-© Splendor thro' the Tails which are of 
an immenſe Thickneſs, and are alſo illu- 
3 Aa ad the * of the Sun. 


Theſe are the principal Phornotmcks 
Fo” Comets, and it is from hence we muſt 
deduce whatever we can know of the 
- Subſtance of which. the Tails conſiſt, 
or of the Reaſon why they are always 
+thrown off from the Head of the Comet, 


in a Direction nearly oppoſite to the Sun. 


And with theſe Phenomena I propoſe to 
compare the Opinions whicl are com- 
monly received concerning this Matter. 
Caudarum inſignis raritas colligitur ex Aſtris 
per eas Tranſlucentibus.— Per Immenſam Tr 
Caudarum Craſſitudinem, Luce pariter Solis il- 
luſtratam, Aſtra minima abſque Claritatis Detri- 
mento tranſlucere noſeuntur. en Page 
' 18486 Idit. zda. 1% 4% 31614. $063 20 
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Sir aac tells us, that there were three 
different Opinions about Comet's Tails, 
vix. that they were only Rays of the 
Sun propagated thro the tranſparent 
Head of the Comet. Or that they aroſe 
from the Refraction of the Light in Its 
Paſſage from the Head of the Comet to 
the Earth. Or, laſtly, that they conſiſt- 
ed of Clouds and Vapours continually 
riſing from the Head of the Comet, and 
going off in a Direction oppoſite to the 
Sun. The firſt and ſecond of theſe O- 
pinions he refutes, and adopts the third, 
and proves by ſeveral Arguments, that - 
the Tail muſt conſiſt 'of ſome Kind of 
Vapour ariſing continually” from the 
Head of the Comet. 'The Cauſe of its 
aſcending always from the Sun, he aſſigns 
in another Paragraph, which I ſhall now 
quote' at Length, tranſlating it as faith. 
vo LO 1 can; it 1s as wusst „ 1 


1 5 7 e F * 
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9 The e of Tails Hom the Atmos 
: ſphere of Comets, and their Progreſs 
© towards the Parts oppoſite to the Sun, 
$ "Tn aſcribes to the Action of the % 
"0 
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af Light, carrying with them the Mat- 
© ter of which the Tails conſiſt. And 
that ſo very thin an Air or Vapour 
© ſhould yield to the Action of the Rays, 
in Spaces void of Reſiſtance, is not al- 


* together againſt Reaſon; altho' in our 
© Regions, clogged with reſiſting Matter, 


"0 the ſolar Rays cannot ſenſibly impel 


c denſe Bodies, Others think that there 


may be ſome Particles of Matter in 


* their own Nature light, as well as ſome 


© that are heavy, and that the Matter of 
the Tails is of the former Sort, and by 
© its Levity aſcends from the Sun. But 


© ſince the Gravity of all terreſtrial Bodies 
© is proportional to their Quantity of 


C Matter, and cannot in the ſame Body 
© be increaſed or diminiſhed, I ſuſpect 


© that this Aſcent of the Tails ariſes. 1 ra- 


© ther from the Rarefaction of their Mat- 


* ter. Smoke aſcends in a Chimney by 
© the Impulſe of the Air in which 1t 


* floats; that Air, being rarefied by Heat, 


and its ſpecific Gravity thereby dimi- 


© niſhed, aſcends and carries the Smoke 
c with its: Why then ſhould not the 
© Tall 


AURORA BOREALIS, & 8 
Tail of a Comet aſcend in the ſame 
Manner from the Sun? for the ſolar 
Rays do not agitate any Medium thro? 
which they paſs, but in Reflection or 
© RefraCtion, the reflecting Particles by 
* that Action grow warm, and heat the 
© ztherial Air (auram Aitheream) with 
* which they are mixed, which being 
© rarefied by this Heat, and the ſpecific 
Gravity by which it tended to the Sun 
c being thereby diminiſhed, it will aſcend 
: c and carry with it the reflecting Particles 
* of which the Tail is formed : it con» 

_ © duces alſo to the Aſcent of theſe Va · 
'©« pours that they revolve round the Sun, 
© and therefore endeavour to recede from 
Cit; while the Atmoſphere of the Sun 


© either is at Reſt, or revolves more 


* lowly with ſuch Motion as it can ac- 
« quire from the Rotation of the Sun 
round its Axis. Theſe are the Cauſes | 
of the Aſcent of the Tails in the Neigh- 


© bourhood of the Sun, where the Orbit | 


© has a greater Curvature, and the Co- 
met moves in a denſer, and therefore 


© heavier Atmoſphere of the Sun, and 
_ © then 


D- 4 
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5 then emits a Tail of a greater Length, 
< For the Tails, which then ariſe, by pre- 
« ſerving their own Motion, and at the 
© ſame Time gravitating towards the Sun, 
will revolve about the Sun in Ellipſes 
© juſt as their Heads' do; and by that 
Motion will always accompany their 
© Heads and adhere to them moſt freely. 
For the Gravity of thoſe Vapours to- 
© wards the Sun will no more cauſe the 
* Tails to fall from the Heads to the Sun, 
than it will cauſe the Heads to fall from 
tthe Tails, but they muſt both, by their 
common Gravity, fall together to the 
Sun, or both together be retarded in 
their Aſcent from it: and conſequently 
their Gravity will not hinder the Heads 
and Tails of Comets eaſily to receive 
(from the abovementioned or other 
F Caules) any Poſition whatever in reſpect 
*'to each other, or to keep this Wanne; 
alter wards moſt faces YE ee 


+. 


we find in this Account that Sir ave 
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aſcribes 


ac 
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aſcribes the Aſcent of Comet's Tails to N 


their being rarer and lighter, and moving 
round the Sun more ſwiftly, than the ſo- 
lar Atmoſphere, with which he ſuppoſes 
them to be ſurrounded, whilſt in the 
Neighbourhood of the Sun; he ſays alſo, 
that whatever Poſition (in Reſpect to 
each other) the Head and Tail of a Co- 
met then receive, they will keep the 
ſame afterwards moſt freely, and in an- 
other Place he obſerves, That the ce- 


© leftial Spaces muſt be entirely void of 


"any Power of reſiſting, ſince not only 
© the ſolid Bodies of the Planets and Co- 


© mets, but even the exceeding thin Va- : 


© pours, of which Comet's Tails are 
formed, move thro” thoſe Spaces with 
© immenſe. Velocity, and yet with the 
© greateſt Freedom.” ] cannot help 
thinking that this Account is liable to 


many Difficulties and Objections, and 
that it ſeems not very conſiſtent with 


itlelf, or with the Phznomena. OS 


1 FR not Know that we have any Proof 
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of the Exiſtence of a ſolar Atmoſphere 
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of any conſiderable Extent, nor are we 
any where taught how to gueſs at the 


| Limits of it. It is evident that the Ex- 
iſtence of ſuch an Atmoſphere cannot be 


proved merely by the Aſcent of Comet's 


Tails from the Sun, as that Phænome- 


non may poſſibly ariſe from ſome other 


| Cauſe. However let us ſuppoſe, for 
the preſent, that the Aſcent of Comer's 


Tails is owing to an Atmoſphere ſur- 


rounding the Sun, and ſee how the Ef. 
fects ariſing from thence will agree with 
the Phznomena. When a Comet comes 


into the ſolar Atmoſphere, and is then 


deſcending almoſt directly to the Sun, 
if the Vapours which compoſe the Tail 
are raiſed up from it by the ſuperior 
' Denſity and Weight of that Atmoſphere, 


they muſt riſe into thoſe Parts that the 
Comet has lefr, and therefore at that 
Time they may appear in a Direction 


_ oppoſite to the Sun. But as ſoon as the 
Comet comes near the Sun, and moves 
in a Direction nearly at right Angles with 


the Direction of its Tail, the Vapours 
nie 
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which then ariſe, partaking of the great 
Velocity of the Comet, and being ſpeci- 


fically lighter than the Medium in which 


they move, and being vaſtly expanded 


thro' it, muſt neceſſarily ſuffer a Reſiſt- 


ance imitenſcly greater than what the 
ſmall and denſe Body of the Comet meets 
with, and conſequently cannot poſſibly 
kind up with it, but muſt be left behind, 

or, as it were, driven backwards by the 
Reſiſtance of that Medium into a Line' 
directed towards the Parts which the 
Comet has left, and therefore can no 
longer appear in a Direction oppoſite to 
the Sun. And in like Manner, when a 
Comet paſſes its Peribelion, and begins 
to aſcend from the Sun, it certainly 


ought to appear ever after with its Tail 


behind it, or in a Direction pointed 
towards the Sun; for if the Tail of the 
Comet be ſpecifically lighter than the 
Medium in which it moves with ſo great 
Velocity, it muſt be juſt as impoſſible 1 it 
ſhould move foremoſt, as it is that a 
Torch moved ſwiftly thro' the Air ſhould 
project its Flame and Smoke before it. 
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| Shire Aid x we find that the Tail 10 
a Comet, even when it is aſcending from 
the Sun, moves foremoſt and appears in 
a Direction nearly oppolite to the Sun, 
I think we muſt conclude, that the Co- 
| met and its Tail do not move in a Me- 


dium heavier and denſer than the Mat- 
ter of which the Tail conſiſts, and con- 
a ſequently that the conſtant Aſcent of the 


Tail from the Sun muſt be owing to ſome 
other Cauſe. For that the ſolar Atmo- 


ſphere ſhould have Denſity and Weight 
ſufficient to raiſe up the Vapours of a 


Comet from the Sun, and yet not be 
able to give any ſenſible Reſiſtance to 
theſe Vapours in their rapid Progreſs 


thro' it, are two Things inconſiſtent 


with each other. And therefore, ſince 

the Tail of a Comet is found to move ag 

freely as the Body does, we ought rather 

to conclude that the celeſtial Spaces are 

void of all reſiſting. Matter, than that 

they are filled with a falsr Armoſphere 
be it ever 0 rare. % 


p 


ſideration 


a. 


TY s - > wt 


But 3 is, 1 | think, a 1 _ 


A' 
ſider; 
ceive 
met”: 
nome 
us to 
whic| 
is of 
it ha: 
[ſaac 
Tail 
reflec 
by w. 
ſurro! 
aſcen 
the re 
is for 
Tail 
One W 
nome 
Come 
Powe 
For it 
tion, 


the L 
to us 
a Con 


AURORA BOREALIS, K. gr” 


t aderation which will ſhew that the re- 
mn | ceived Opinion, as to the Aſcent of Co- 
in met's Tails, is not agreeable to the Phæ- 
n, nomena, and may at the ſame Time lead 
o- Mus to ſome Knowledge of the Matter of 
e- hich theſe Tails conſiſt; which I ſuſpect 
t- Mis of a very different Nature from what 
n- {Mit has been hitherto ſuppoſed to be. Sir 
he ¶ Laac ſays, the Vapours, of which the 
ne Tail of a Comet conſiſts, grow hot by 
o- Nreſlecting the Rays of the Sun, and there- 
ht by warm and rarefy the Medium which 
f a ſurrounds them; which muſt therefore 
be Haſcend from the Sun, and carry with it 


to the reflecting Particles of which the Tail 
eſs {Mis formed; for he always ſpeaks of the 
ent rail as ſhining by reflected Light. But 
xce None would rather imagine, from the Phæ- 
as Mnomena, that the Matter which forms a 
Comet's Tail has not the leaſt ſenſible 
Power of reflecting the Rays of Light. 
For it appears from Sir IJaac's Obſerva- 
tion, which I have quoted already, that 
the Light of the ſmalleſt Stars, coming 
to us through the immenſe Thickneſs of 


on- Wa Comet's Tail, does not ſuffer the leaſt 
on 2 Diminu- 
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Diminution. And yet, if the Tail can 
reflect the Light of the Sun ſo copiouſly, 
as it muſt do if its great Splendor be owing 
to ſuch Refle&ion, it muſt undoubtedly 
have the ſame Effe& on the Light of the 


Stars; that is, it muſt reflect back the 


Light, which comes from the Stars be- 
hind it, and by ſo doing muſt intercept 


them from our Sight, conſidering its vaſt 


Thickneſs, and how exceedingly ſlender 
a Ray is that comes from a ſmall Star; 
or if it did not intercept their whole 
Light, it muſt, at leaſt, increaſe their 
Twinkling. But we do not find that it 
has even this ſmall Effect, for thoſe Stars 
that appear thro' the Tail are not ob- 
ſerved to twinkle more than others in 
their Neighbourhood, Since therefore 
this Fa& is ſupported by Obſervations, 

| What can be a plainer Proof that the Mat- 
ter of a Comet's Tail has no Power of re- 

| flecting the Rays of Light? and conſe- 
quently that it muſt be a ſelf-ſhining 
Subſtance. But the ſame Thing will fur- 
ther appear, from conſidering that Bodies 
relic. and refract Licht by one and the 
2 ſame 
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ſame Power; and therefore if Comet's 
Ys Tails want the Power of refracting the 
8 Rays of Light, they muſt alſo want the 
ly Power of reflecting them. Now, that 
he they want this refracting Power appears 
he from hence, if that great Column' of 


tranſparent Matter which forms a Co- 
pt met's Tail, and moves either in a Vacu- 


aſt um, or in ſome Medium of a different 
ler Denſity from its own, had any Power of 8 
T5 refracting a Ray of Light, coming thro? 
ole it from a Star to us, that Ray muſt be 
cir turned far out of its Way in paſling over 
it 


the great Diſtance between the Comet 
aſs and the Earth; and, therefore, we ſhould 


b- very ſenſibly perceive the ſmalleſt Re- 
in fraction that the Light of the Stars might 
ore 


ſuffer in paſſing through a Comet's Tail. 
ns, The Conſequence of ſuch a Refraction 
| muſt be very remarkable, the Stars that 
lie near the Tail would, in ſome Caſes, 
appear double, for they would appear in 
their proper Places by their direct Rays, 
and we ſhould ſee their Images behind 
the Tail, by Means of their Rays which 
it might refract to our Eyes; and thoſe 
2 by, Stars 


| * 
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Stars that were really behind the Tail 


would diſappear in ſome Situations, their 
Rays being turned aſide from us by Re- 

fraction. In ſhort, it is eaſy to imagine 

What ſtrange Alterations would be made 
in the apparent Places of the fixed Stars 
by the Tails of Comets, if they had a 
Power of refracting their Light, which 


could not fail to be taken Notice of, if 


any ſuch ever happened. But ſince A- 
ſtronomers have not mentioned any ſuch 


apparent Changes of Place among the 


Stars, I take it for granted that the Stars 


ſeen thro' all Parts of a Comet's Tail ap- 


pear in their proper Places, and with 


their uſual Colours, and conſequently 1 


infer that the Rays of Light ſuffer no 
Refraction in paſſing through a Comet's 
Tail. And thence I conclude (as before) 
that the Matter of a Comet's Tail has 


not the Power of refracting or reflecting 
the Rays of Light, and muſt therefore 


be a lucid or ſelf-ſhining Subſtance, 


And KI if I have argued rightly from 5 


the Phenomena, 1 it muſt appear, that the 


2 3 | — 


r. armen N — e eee eee, ee — 2p nt 1 — 


_— 


Tv US HW Rn" WW www FTit of 


AURORA BOREALIS, &c. 95 


Tail of a Comet does not eon ſiſt of 


aqueous or other Vapours, that ſhine by. 
reflecting the Light of the Sun, but is a 
very rare, tranſparent and lucid Sub- 
ſtance, which has no Sort of Effect on 


the Rays of Light that paſs thro? it, and 


that it is thrown off from the dark He- 


miſphere of the Comet in a Direction op- 
poſite to the Sun, not by the ſuperior 


Weight and Denſity of any circumam- 


bient Medium, but by ſome other Cauſe 


that has not yet been diſcovered. - 


This ſeems to me to be all the Know- | 
ledge we can acquire of the Nature and 
Properties of that Matter which forms the 


Tails of Comets, by attending merely to 
the Phænomenon itſelf. But perhaps we 


may be able to extend this Knowledge 
ſomewhat further, if we could find any 


other Phænomenon in Nature which re- 
ſembles this of Comet's Tails, and can be- 


come acquainted with any Kind of Matter 
that has the ſame Properties with that of 


which they are formed. Now I have of- 
ten obſerved a Phænomenon that, Ithink, 


E 3 very 


* 
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very ſtrongly reſembles the Tail of a Co- 
met, both in its Appearance, and in the 
Nature of its Subſtance, We frequently 
ſee a very rare, tranſparent, and lucid 
Subſtance thrown off, in a Direction 
nearly oppoſite to the Sun, from the dark 


Hemiſphere of the Earth, and principally 


from the more Northern and colder Re- 


gions of our Atmoſphere. This Appear- 


ance is ſo luminous that it has been from 


_ thence called the Aurora Borealis ; it is 
now fo common and well known that I 
| ſhall not deſcribe it particularly, and will 


only take Notice of thoſe Circumſtances 
in which it chiefly reſembles a Comet's 
Tail. Thoſe Northern Lights never ap- 
pear, at leaſt in any remarkable Degree, 
ſoon after Sun-ſet or before Sun-riſe, tho? 


it may be then dark enough to make them 


viſible, but generally from about ten 
o'Clock at Night till one in the Morning; 
and the very long Streams of Light, 
which iſſue frequently from the Northern 
Parts of our Atmoſphere, ſeem {till to 
tend towards the Zenith of that Place 


| where the SpeRator is, and ſometimes 
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get beyond the Zenith, and appear to the 
Southward of it; which ſhews that theſe 
Streams of Light tend towards the Ver- 
tex of the Earth's Shadow, that is, to- 
_ wards the Part of the Heavens which is 
_ oppoſite to the Sun. From the great 


Length of theſe Streams of Light, which 
ſeem always moving upwards, we may 
conclude that they extend to a great 


Height in the Atmoſphere, and probably - 


riſe far above it. For by the Accounts 
we have of an Aurora Borealis, obſeryed 


in England on the Sixth of March, 1716, 
it was viſible from the Weſt Side of Ire- 


land, to the Confines of Ruſſia and Po- 
land, and probably farther to the Eaſt; 
ſo that it extended at leaſt over thirty 
Degrees of Longitude, and from about 
the fiftieth Degree of Latitude over al- 


moſt all the North of Europe, and at all 


Places it exhibited the ſame Appearances, 
nearly a at the ſame Time.“ 


Now! this great Body of luminous Mat: 


* Phil, Tranſ. Ne 347. an 
E 4 


ter 
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ter which appears in an Aurora Borealis, 
being ſo very extenſive, and ſometimes 
ſo very bright, muſt be viſible to a Spec- 
tator placed at a conſiderable Diſtance 
from the Earth, and ſhaded from the 
Sun's Light; and ſuch a Spectator would 
then ſee the Earth attended by a Train 
of Light in the Form of a Tail, It 
would probably appear ſmall in Propor- 
tion to the Earth's Diameter, it would 
ſeem unſteady, changeable in its Shape, 
and of a ſhort Continuance; but whilſt 
it laſted, it muſt, both in its Direction, 
and in the Nature and Appearance of its 
Light, very much reſemble the Tail of a 
Comet. And if ſuch a Spectator was to 
obſerve the Earth for a Year, he might 
perceive a further Reſemblance in this 
Reſpect between the Earth and a Comet; 
for as the Tail of a Comet appears only 
a ſhort Time before and after its Peribe- 
lion, ſo he would ſee this luminous Mat- 
ter riſe from the Earth frequently whilſt 
it was moving from the Autumnal to the 
Vernal Equinox, thro' the Half of its 
5 Orbit that 1 18 neareſt to the hy and very 
| ſeldom 
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28 ſeldom during the other Part of the Year, 
for we rarely ſee an Aurora Borealis in the 
e Summer Months. Thus we find that 
e the Matter of an Aurora Borealis and 
d that of a Comet's Tail are very like each 
1 other in their Appearance, and in their 
It Situation, with Reſpect to the Sun and 
r- the Bodies from which they flow. And if 
d we examine further, we ſhall find that 
e, they have exactly the ſame Properties; for 
ſt the Matter of which the Aurora Borealis 
n, conſiſts is not only very rare, tranſparent. 
ts and lucid, but is alſo found to have no Sort 
a of Effect on the Rays of Light which 
0 paſs thro' it. This T have often obſerved, 
it and particularly at one Time when there 
is appeared here an Aurora Borealis,* which 
t; for its Extent, for the Quantity, Brightneſs 
1 and Steadineſs of its Lights, was the 
4 moſt remarkable one I ever ſaw; ſome 
t- Parts of it appeared like very denſe white 
ſh Clouds, illuminated by a full Moon, but 
10 with a more vivid Brightneſs; and yet 
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theſe. Clouds, I could plainly fee the 
ſmalleſt Star in the Pleiades, and could 


not perceive that its Splendor was at all 


diminiſhed, or that it even twinkled more 
than it did before this lucid Matter was 
interpoſed, which, as it moved with a 

quick tremulous Motion, muſt have 
at leaſt increaſed the Twinkling of the 
Stars, if it had any Sort of Effect on the 
Rays which paſſed thro' it. Since then 
the Matter of a Comet's Tail, and that 
of the Aurora Borealis are alike in their 
Appearance, and, agree alſo in their Pro- 
perties, we have ſome Reaſon to ſuppoſe 
that they are Subſtances of the ſame 


Kind. 


Having 8 this 3 we may go 
on in our Enquiries, and try if any other 
Subſtance, that we are better acquainted 
with, has the ſame Properties with the 
Subſtance of which Comet's Tails and the 
Aurora Borealis are formed. It is now 
well known that our Atmoſ phere abounds 
with electric Matter, which is more or 
leſs contained in all Bodies; this Matter 
| 18 
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is never viſible but whilſt it is paſſing 


from one Body to another, thro? the Air 
or a Vacuum, it then appears to be a very 


rare, ſubtile, ſnining Subſtance. We often 
ſee it flaſhing from one Cloud to another, 
or into the Earth, with great Velocity and 


Brightneſs, and then we give it the Name 
of Lightning; and in the ſame Manner 
when we bring our Finger near a Bar 


of Iron ſtrongly electrified, we ſee very 
bright Sparks iſſue from it to our Finger. 


It ſeems that Air, in its common State of 


Condenſation, reſiſts the Egreſs of che 
electric Matter from Bodies in which it is 


accumulated, eſpecially if they are round 


and ſmooth, and when it forces its Way 
it ſeems to come out, as it were, all at 


once, and in a very condenſed State, and 


therefore it appears very bright. But if 
the Air be conſiderably rarefied, its Re- 


ſiſtance is thereby greatly leſſened, and 
the electric Matter cannot be accumu= 
lated in a Body ſurrounded by ſuch Alr, 

for in that Caſe, as faſt as it is commu- 


nicated to the Body it will ifſue out from 


5 various Parts of it in ſmall Streams of a 
E 6 faint 
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faint Light, as will appear from ſome 
Experiments I ſhall. have e to 
. preſencly. 


Now ſince a ſolid Body and a Cloud, 
whoa electrified in denſe Air, will both 
diſcharge their Fire in the ſame Manner, 
that is, ſuddenly and in bright Sparks or 
large bright Flaſhes, we muſt conclude, 
from Analogy, that when they are both 
electrified in Air much rarefied, they will 
then likewiſe diſcharge their Fire in the 
ſame Manner, and conſequently that an 
electrified Cloud, raiſed into the higher 
and rarer Parts of the Atmoſphere, will 
diſcharge its Fire in continued Streams 
of faint Light. And as we ſometimes ſee 
faint Flaſhes of Lightning in a Summer 
Evening after Sun-ſet, tho' no Clouds ap- 
pear; ſo if the Vapours which riſe into 
the higher Part of the Atmoſphere, tho 
not formed into Clouds, carry up with 
them the electric Matter, they muſt diſ- 
charge it in continued Streams of faint 
Light, juſt as a Cloud would do; and 
thoſe me of Light in the higher 
Parts 
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Parts of the Atmoſphere muſt exactly 
repreſent to us the Appearance of an 
Aurora Borealis. Any one will readily 
perceive a ſtrong Reſemblance between 


me nts. 


Tia he Air be almoſt exhauſted out 
5 af a Glaſs Globe or Cylinder, and let it 
be turned by a Machine and rubbed as 


in the Inſide of the Globe, ſhooting out 
in various Branches of faint Light, croſs- 
üng each other in all Directions, and this 


much rarefied, the Light appears white, 
and grows more of a purple Colour as more 


1 find that the Aurora Borealis has of late been 
generally ſuppoſed to be an electrical Phænome- 


you that it is ſo, 


* 


the Aurora Borealis and the electric Fire 
diſcharged from a Body in rarefied Air, 
who will make the AY TO 


uſual; the electric Fire will then appear 


Light will ſometimes appear tinged with 
different Colours; when the Air is very 


Air is admitted into the Globe. [a] TI: 


| [a]. This Experiment was firſt made by Mr. 
Howkſtes, and has fince been often repeated; and 


non, though I have not met with any Attempt to 


found. 
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found this Experiment ſycceed beſt when 
I held in my Hand the Cuthion with 
which the Globe was rubbed, and preſſed 
it ſometimes cloſely and ſometimes ſlight- 


ly to the Globe. I found that a like Ap- 

pearance might alſo be exhibited by the 
following Experiment. A Cylinder 20 
Inches high, and about five in Diameter, 
having a pretty thick Braſs Wire put 


thro' the Top, was almoſt exhauſted,, 


then being myſelf electrified, I moved 
my Finger towards the Top of the Wire, 
and immediately I ſaw every Spark that 
came from my Finger divided into a 
Multitude of ſmall Streams of Light 
iſſuing from the Wire at right Angles to 
it, and in different Directions. When I 
took hold of the Wire I could ſee but 


little Light in the Cylinder, ſo found it 
was neceſſary, to keep my Finger at a 
ſmall Diſtance, and let the electric Mat- 


ter come to the Wire in ſucceſſive Sparks. 


I thought the Lights that iſſued from the 


Wire were brighteſt when it was oiled. 
and when the Air was about 30 Times 


rarer than theoutward Air. Several Per- 


ſons. 
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| ſons almoſt as ſoon as they ſaw the elec- 


tric Lights compared them to the Ap- 
pearance of the Aurora Borealis; and cer- 


tainly theſe two Phenomena reſemble 


each other entirely, both in the Colours 
of their Light, and in the Quickneſs of 
their Motions. For when the Air in the 


Glaſs-Globe was very much rarefied, the 
electric Lights appeared very white, and 


became more of a purple Colour as more 
Air was admitted into the Globe; juſt ſo 


the long Streams of Light in the Aurora 
Borealis ate very white on their upper 


Parts, where the Air about them is much 


rarefied, and are often of a purple Co- 


lour on their lower Parts, which are in 
denſer Air. And as in the Globe the 
electric Lights appear in greater Abun- 


dance when the Air has a particular De- 


gree of Denſity than in other Caſes; ſo 


the quick Appearing and Diſappearing 


of the Streams of Light in the Aurora 
Borealis may poſſibly ariſe from a Charge 
of Denſity in the higher Parts of the At- 


moſphere. For where the Air is fo very 


thin it may be fubject to very ſudden 
Conden- 
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. Condenſations and Rarefactions, occa- 
ſioned by the Motion of the Winds, and 
I have obſerved thoſe Lights to appear 
and diſappear more quickly in a windy 
Night than when it was calm ; though 


their Courſe or Direction was no ww 


influenced by the Wind. 


Buttheele&ric Matter appeats co bead 


the ſame Kind of Subſtance which forms. 


the Aurora Borealis, and the Tails of Co- 


mets, by its having alſo that remarkable 
Property of letting the Rays of Light 


paſs thro' it, without having any Sort of 
; Effect upon them. And this. I found by 
ſeveral Experiments, for I obſerved that 
{mall Rays of Light, paſſing over ſharp 
Points, and by the Edges of Knives, 
from whence the electric Matter iſſued 


abundantly, were affected in the very 


ſame Manner as when theſe Points and 


Edges were not electrified. Having pro- 


vided a large Pane of Glaſs properly 


| coated on. both. Sides. with. thin ſheet 
Lead, I made two ſmall. Holes. in the 


Leak, oppaſite to each other, for. a Ray 
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perties exhibir to us an Appearance like 
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ol Light to paſs thro'; and I found this 


Ray was no more refracted in its Paſſage 
thro' the Holes, when one Side of the 
Glaſs was electrified plus, and the other 


minus, than it was before the Glaſs was 
electrified at all, or after the electric Mat- 


ter was diſcharged, which ſhews that the 
Accumulation, or the Abſence of this 


Matter no way contributed to encreaſe 


or diminiſh the refractive Power of the 
Glaſs. I found that when Water was 


electrified, no Change was made either 


in its Power of refracting or refleting ; 
the Rays of e ye | 


1 made many other Experiments of the 
ſame Kind, too tedious to deſcribe, and 
they all led me to conclude that the elec- 
tric Matter had no Sort of Effect on the 
Rays of Light that paſſed thro' it. Since 
then the electric Matter ſeems to be of the 


ſame Nature with that which forms the 


Aurora Borealis, and abounds much in the 
auer and, when It . into the 
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that of the Aurora Borealis, we muſt ac- 
knowledge it to be a Cauſe really exiſting, 


and ſufficient to explain this Phænome- 


non, and therefore we may aſcribe the 
Appearance of an Aurora Borealis to the 
Riſing of the electric Matter into the up- 
per Regions of the Atmoſphere. The 
following Obſervation will ſerve further to 


confirm this Opinion. In our Summer 
Months, when the electric Matter is fre- 
quently diſcharged from the lower Clouds 


in Lightning, and ſo returns to the Earth, 
we ſcarce ever ſee an Aaroru Borealis; but 
at other Times, when it is not uſually diſ- 


charged in Lightning, it may riſe higher 
into the Atmoſphere, and vill occaſion 
more frequent Appearances of this Ki nd. 


And this probably is the Reaſon why 
theſe Appearances are more frequent in 
cold than in warm Climates, the former 
being leſs ſubject to Storms of Thunder 


and Lightning than the latter. In Coun- 


tries that lie far to the North, the Au- 
rora Borealis is ſaid to ſnine much brighter 


than with us, and to en almoſt 9 9 


N icht. 
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As the precedingConſiderations ſeem to 
make it probable that the Tails of Comets 


conſiſt of the ſame Kind of Subſtance 


which forms the Aurora Borealis, and that 
this is no other than the electric Matter; 
I ſhall aſſume this as à Principle, and try 
if I can from thence account, in ſome 
Meaſure, for the Phænomenon of Co- 
met's Tails, and in doing this ſhall have 


an Opportunity of making ſome Obſerva- 
tions which may ſerve to ſhew a further 
Reſemblance between thoſethree Subſtan- 

oes that J have compared together. The 
Earth, and all Bodies near it, contain 


more or leſs of the electric Matter, and 


tho” it may be accumulated in ſome Bo- 


dies, and diminiſhed in others, we cannot 
be ſure that any Body may be totally de- 
prived of it, but on the contrary have 


great Reaſon to think it can neither be in- 


creaſed nor diminiſhed in any Body be- 
yond a certain Degree; we muſt therefore 
ſuppoſe that it is contained in all Bodies 
in our ſolar Syſtem. Some Bodies, ſuch 
as Glaſs, Amber and others, that are called 


Electrics, attract and retain this Matter 


more 
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more ſtrongly than thoſe do which are 


called Non-Electrics, for an electric Body 
will draw this Matter from one that is not 
electric, againſt which it is rubbed, and it 
Will alfo ſtop the electric Matter in its 
Progreſs from one Body to another, and 
therefore an electric Body is called a Non- 


conductor, in Oppoſition to other Bodies 
thro' which the electric Matter readily 
paſſes. But we find that any Body, even 


the moſt electric, if ſufficiently heated, 
will become a Conductor, or will let the 
electric Matter paſs from it very eaſily, 

and therefore we conclude that Heat diſ- 
| Poſes all Bodies readily to part with the 
electric Matter they contain, and we have 
an Inſtance in the Tourmalin Stone that 


ſome Bodies will alwas throw off an elec- 


tric Matter merely by being heated. Now 
when a Comet comes down towards the 


Sun, from Regions of extreme Cold, and 
begins to acquire ſome Degree of Heat, it 


will, like other Bodies, be diſpoſed to part 
with the electric Matter, which it may 
poſſibly contain in great Abundance, and 
this Matter, when thrown off, will exhibit 


to 
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to us the A ppearance of a ſhining Train, 


as it does in the Aurora Borealis; and as 
the Comet comes to its Peribelion, and 


the Heat increaſes, this Matter will iſſue 


more abundantly, and the Train or Tail 
will increaſe in Length, till upon the 
Comet's receding from the Sun the Heat 
will decreaſe, and this Matter being pret- 
ty much exhauſted, the Tail will be con- 
tracted in its Dimenſions, and at length 
will be too far removed, and grow. too 
faint to be obſerved. | 


As aComet is expoſed to vaſt Extremes 
of Heat and Cold, Light and Darkneſs, 
we may well ſuppoſe it to be uninhabited, 
and if fo, it is not neceſſary that it ſhould 
turn different Sides to the Sun, but may 
always keep the ſame Face towards it, as 
the Moon keeps the ſame Face towards 
the Earth, and indeed it muſt do ſo if its 
Figure be that of an oblong Spheroid. 
Now the electric Matter which riſes from 
the Earth goes off into the colder Regions 
of the Atmoſphere, and in a Direction 
e oppoſite to the Sun, and I believe 
we 
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ve have no Inſtance of what we call the 
Aurora Borealis appearing between the 
Tropicks. Why then ſhould not this 
Matter take the ſame Courſe in its Pro- 
greſs from the Head of the Comet, and 
fly off from its dark Hemiſphere, where 
its Atmoſphere is colder and clearer, and 
where the Vapours are thin, and, riſing 
more gradually, will give it an Opportu- 
nity of riſing along with them; whilſt on 
the other Hemiſphere, which is expoſed 
to the Sun, the Vapours muſt riſe very 
thick, and form Clouds which may inter- 
cept the electric Matter in its Progreſs, 
and collecting it together may return it 
back to the Head of the Comet in Light- 
ning, as our Clouds in hot Countries re- 
turn their electric Matter into the Earth. 
Beſides as we find that the electric Matter 
poaſſes off from a Body where it is rough | 
or pointed, much more readily than where 
it is round and ſmooth, ſo it is poſſible 
that the Hemiſphere of the Comet, which 
is turned from the Sun, may be ſo formed 
as to part with the electric Matter more 


kc W than the other, Which! is turned to- 


wards 
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wards the Sun, and in whatever Direction 
the electric Matter is thrown off from any. 
Body, we find it continues to move with 
immenſe Velocity, as I obſerved in the 
Streams of electric Matter which iſſued 
from the Wire 1n the exhauſted Receiver. 
1 obſerved alſo that theſe Streams did not 
grow much thicker as they advanced in 
their Courſe, either in the exhauſted 

Globe or cylindrical Receiver; nor did 

they ſeem diſpoſed: to expand themſelves 
into the Space that ſurrounded them, but 
went ſtraight forward, juſt as a Ray of ſo- 
lar Light would do. And thus the Mat- 
ter which iſſues from a Comet proceeds 
in the fame Direction in which it is thrown 
off, and forms that large Column, which 
we call the Tail; and we ſee that the Mat- 
ter of which the Tail conſiſts has very lit- 
tle or no Diſpoſition to expand itſelf into 
the ſurrounding. Spaces; for the Tail is 
not much broader towards the End than 


near the Head of the Comet. This I 


think is a moſt extraordinary Property, 
both, of the electric Matter and of that 
which forms a Comet's Tail, and which 

0 1s 
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is a further Argument for concluding 


them to be of the ſame Nature, for they 


both fly off from the Body, in which they 


are, with great Velocity, which ſeems to 


argue a repulſive and expanſive Force, and 
yet they proceed as the Rays of Light do 


without expanding themſelves laterally 


into the Spaces thro' which they paſs. 


And this remarkable Property ſeems 
well worth attending to, in all our En- 


quiries concerning the electric Matter. 


At preſent we are ſo little acquainted 
with the true Nature of it, and fo igno- 
rant of the Subſtance which forms the 
Body of the Comet, that it is not to be 
expected, we ſhould be able to ſay how 
it can furniſh ſuch a vaſt Quantity of this 
electric Matter, or to aſſign with Certain- 
ty the Reaſon why the Tail of a Comet 
is thrown off from its dark Hemiſphere 
in a Direction oppoſite to the Sun, ra- 
ther than in any other Direction. Future 
Experiments and Obſervations will either 


confirm theſe Conjectures of mine, or 


ſuggeſt others more probable; but now 


— 
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we can only argue by Analogy from the 
riſing of the electrie Matter thro' the 


colder Regions of our Atmoſphere in the 8 f 
Aurora Borealis, that the ſame Effect will 
take Place in the Atmoſphere of a Co- 
met, and from the ſame Cauſe, whatever 
that _ be. 
2 <] Sir Iſaac Newton obſerves that the 
3 Tail of the Comet which came to its : 
© I Prribiicn on the cighth of December, © 
d 1680, appeared about the Middle of Ja- 
„ WW 727y following to be bent into a Curve. 
je Now as the Tail was convex towards 
-: thoſe Parts which the Comet moved, this 
w Bending might ſeem to ariſe from its 
is meeting with ſome reſiſting Matter; but 
1 this Curvature was much leſs than what 
et; would ariſe from a reſiſting Matter denſer 
re than the Tail, and whoſe ſuperior Gra- 
* vity would be able to raiſe it up from 1 
re the Sun; for he tells us that on the 5th n 
er of January, when the Tail was 40 De- 
* grees long, its Chord, or a Line drawn 
oy" from the Head of the Comet to the Ex- 
e 
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tremity of its Tail, made an Angle of 
only 8 Degrees with a great Circle paſf- 
ing thro' the Sun and Comet. But that 
this Curvature was not owing to any re- 
ſiſting Matter appears from hence, that 
the Tail muſt be bent into a Curve tho 
it met with no Reſiſtance; for it could 
not be a right Line, unleſs all its Particles 
were projected in parallel Directions, and 
with the ſame Velocity, and unleſs the 
Comet moved uniformly in a right Line. 
But the Comet moves in a Curve, and 
each Part of the Tail is projected in a 
Direction oppoſite:to tlie Sun, and at the 
ſame Time partakes of the Motion of 
the Comet; ſo that the different Parts of 
the Tail muſt move on in Lines which 
diverge from each ołher; and a Line 
drawn from the Head of a Comet to the 
Extremity of the Tail will he parallel to 
A Line drawn from the un to the Place 
vhere the Comet was, When that Part of 
the Tail began to aſcend, as Sir Tac ob- 
ſerves; and fo all the Chords, or Lines 
dra n from the Head of the Comet to 
in „ n 


fre 


th 
fe 


the intermediate Parts of the Tail, will 


be reſpectively parallel to Lines drawn 
from the Sun to the Places where the 
Comet was when theſe Parts of the Tail 
began to aſcend. And therefore, ſince 
theſe Chords of the Tail will be: of dif- 
ferent Lengths, and parallel to different 
Lines, they muſt make different Angles, 
with a great Circle paſſing thro' the Sun 


and Comet, and conſequently a Line 
paſig x thro' their ASTOR. will l 
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It is KY ID that the convex Side of 
the Tail which is turned from the Sun is 
better defined, and ſhines a little brighter 
than the concave Side. Sir Iaat accounts 
for this by ſaying, that the Vapour on 


the convex Side is freſher (that is, has aſ- | 


cended later) than that on the concave 
Side, and yet I cannot ſee how the Par- 
ticles on the convex Side can he thought 
to have aſcended later than thoſe on the 

concaye Side which may be nearer ta the 
Head of the Comet. I think it rather 
„ looks 
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looks as if the Tail, in its rapid Motion 
met with ſome ſlight Reſiſtance juſt ſuffi- 
cient to cauſe a ſmall Condenſation in 
that Side of it which moves foremoſt, 
and which would occaſion it to appear a 
little brighter and better defined than the 
other Side; which ſlight Reſiſtance may 
ariſe from that ſubtile Ether which is 
ſuppoſedto be diſperſed thro' the celeſtial 
Regions, or from this very electric Mat- 

der diſperſed in the ſame Manner, if it be 


different from the Ether. Here I muſt 


obſerve that the convex Side of the Tail, 
which is turned from the Sun, being 
brighter than the other Side, affords an 
additional Argument in Favour of what 


I have aſſerted, that the Tail does not 
ſhine by reflecting the Sun's Light. And 
this leads me to ſay ſomething of that 


luminous Quality which we obſerve in 
the electric Matter, and by which 1 ſup- 
ö 27 the Tails of Comets to ſhine, . 


The Writers on u Electricity tell us chat 


| the electric Matter carries off from Bo- 
ICE dies 


hat 


dies 


Au ORA BOREALIS, &c. 179 
dies certain ſubtile Particles of a ſulphur- 
ous inflammable Nature, which it kindles 


as ſoon as they are diſengaged from the 


Body, and thence it ſhines. And this 
Account is proved from its inflaming 
other Bodies, fuch as warm Spirits, and 
from that ſulphurous Smell which always 
attends the electric Matter, and which 
any one will perceive from his Hand, if 


he receives the electrie Sparks on it for 
ſome Time, and the ſame Smell is more 
ſtrongly perceived in Places that have 

been ſtruck by Lightning. Now theſe 


inflammable Vapours which often abound 
in the Air, being carried up by the elec- 
tric Matter, and kindled in the higher 


Parts of the Atmoſphere, will cauſe it to 


ſhine and appear to us in the Aurora Bo- 
realis; That the electric Matter can kin- 


dle the inflammable Particles that it car- 


ries off from Bodies, in Air highly rare- 
fied, or even in vacuo, appears from its 


ſhining in the upper Part of the Barome- 


ter, in which is che moſt Peres Vacuum 
ve can mae 


"a als 1 


120 ON THE NATURE OF THE | 
But perhaps it may be ſaid, that with. 


out having Recourſe to the electric Mat- 


ter, we might ſuppoſe the Comet, or a 
great Part of it, to conſiſt of ſome very 
_ combuſtible Matter which may take fire 
by a ſmall Degree of Heat, and- blaze 
out in ſuch Abundance as to occaſion 
the luminous Appearance we call the 
Tail. And this Hypotheſis may appear 


at firſt Sight more natural and probable 


than the one I have ſuggeſted ; yet I 
imagine it will not be found ſo, if we 
examine it attentively, For if the Co- 


met were to take fire and blaze out as 
burning Bodies do with us, the Elaſticity 
of the Flame might indeed raiſe it to 
ſome Diſtance from the Body of the Co- 
met, but then it would riſe equally on all 
Sides, or rather to a greater Height on 
the Side next the Sun, where the Heat 


is greateſt. And a Flame of this Kind 


could not be carried up in a Direction 


Nane to the Sun, unleſs it were by the 


ſuperior Denſity and Weight of ſome 
furrounding Medium which gravitates 
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towards the Sun; juſt as we find the 
Flame of burning Bodies is raiſed up- 
wards by the Preſſure of the ſurrounding 
Air. But I have ſhewn, in the former 
Part of this Eſſay, that a Medium denſer 
and heavier than the Tail muſt reſiſt and 
retard its Motion much more than that 
of the Comet, and therefore could never 
permit the Tail to move foremoſt as it 
ſometimes does, but muſt cauſe it always 
to fall behind, and conſequently to ap- 
pear as directed towards the Sun when 
the Comet has paſſed its Peribelion, and 
is retiring from the Sun. So that in or- 
der to account for the conſtant Aſcent 
of this luminous Matter in a Direction 
oppoſite to the Sun, we muſt have Re- 
courſe to ſome Medium that has no ſen- 
fible Gravity, and that is apt to move in 
ſome particular Direction from the Body 
in which it is, and with ſuch Velocity as 
to carry the burning Matter to a vaſt 
Diſtance from the Comet before it is en- 
tirely conſumed. Now I believe we do 
not n. of any Medium that has theſe 
F 4 Pro- 
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Properties, except that which we call the 
electric Matter. For it ſeems no more 
affected by the Force of Gravity than the 
Rays of Light are, and when it moves 
freely it is apt to go on in the Direction, 
in which it ſet out, as I obſerved before, 
and then it moves with ſuch a Velocity as 
we cannat meaſure, for it has been found 
to paſs thro a Wire two Miles and a Half 
in Length, as it were, inſtantaneouſly. 
This Medium therefore ſeems. not only 
capable of kindling ſuch ſubtile inflam- 
mable Particles as it meets with in the 
Comet, but alſo. of carrying them off, 
before they are confumed, to the vaſt 
| Diſtance to which he: Tail TO 
extends. EE 


Where the inflammable Particles are 
quite conſumed, the Tail of the Comet 
muſt end ; and the ele&ric Matter will 
afterwards be inviſibly difperſed thro' the 
planetary Regions, where it may be ga- 
thered up by the Planets in their Courſes 
round the Sun. For fince we find this 
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Kind of Matter placed in all Bodies by 
the Wiſdom of Providence, we muſt 
conclude it is neceſſary for carrying on 


we know it is very apt to eſcape from 
Bodies by its great Subtiltyand repelling 
Force. We ſee it riſes from the Earth 
into the Atmoſphere, and is probablyx 
going off from thence when it appears in 
the Aurora Borealis. In like Manner it 
may fly off from the other Planets, and. 


de continually expanding itſelf from the 
Center of our Syſtem beyond the Orbit. 


of Saturn, So that it may, be neceſſary. 
it ſhould be brought back again and diſ- 
perſed among. us by the Comets. And it. 
ſeems to me more probable that Comets, 


were intended for this Uſe, than for that 


of ſupplying the Planets with Moiſture,, 
as Sir Jaac Newton thought. His Opi- 
nion was founded on a Suppoſition that 
all Vegetables have their Growth and In- 


creaſe entirely from Water, and that ſince 


they do not turn again into Water but. 
into Earth, there muſt be a continual 
1 Dees 
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Decay of Moiſture, and therefore a freſh 
Supply of it muſt be neceſſary from Time 
to Time.“ But this Suppoſition does not 
ſeem to have been ſufficiently grounded 
on Experience. For, ſince Sir Iſaac 
Vrote, Dr. Woodward, an ingenious Phy- 
fician, made ſeveral Experiments on Wa- 
ter and Vegetables growing from it. He 
ſhews that all Water contains an earthy 
Matter, and concludes : "Be evident, 
© that Water is not the Matter that com- 

© poſes vegetable Bodies; but is the A- 

© gent that conveys that Matter to them, 
| © that introduces and diſtributes it to the 
© ſeveral Parts for their Nouriſhment. 
Where the proper terreſtrial Matter is 
wanting, the Plant is not augmented, 


Nam Vegetabilia omnia ex Liquoribus ontnino 
creſcunt, dein magna ex parte in Terram aridam 
per Putrefactionem abeunt, & Limus ex Liquori- 
bus putrefactis perpetuo decidit. Hinc moles 
Terrz aridæ indies augetur, & Liquores, niſi 
aliunde augmentum ſumerent, perpetuo decreſ- 
core deberent, ac tandem deficere. 


"ANT OS. Feen Pag. 515. Edit. ada. 
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© tho! never ſo much Water aſcends into 


© jt,” * This is alſo the Opinion of Dr. 
| Boerhaave, and he affirms from his own 
Experience, that pure elementary Water 

cannot, by repeated Diſtillations, or other- 
wiſe, be converted into Earth. | So that 


there ſeems. to be no Neceſlity for ſup- 


poſing a gradual Decay of Moiſture in 


any of the Planets. Beſides, if the Co- 


mets were intended to ſupply the Planets 
with Moiſture, none of them could ſerve 
for this Purpoſe more than once, but 


muſt afterwards become uſeleſs, tho' they 


return regularly in their Orbits, which is 


not agreeable to the QEconomy of Na- 
ture. For when the. Heat of the .Sun 
had driven all the Moiſture it could from 
a Comet in its Perihelion, where ſhould 
it afterwards. get a freſh Supply? We 
can ſcarce ſuppoſe the Planets to loſe any 
Moiſture by Evaporation, as no Vapours 


can riſe above their Atmoſpheres. Or 


even. if any very thin e Steams 


| * Pu. 27 Tranfadtin Nv 25; 3. 
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or Efffuvia of a moiſt Nature ſhould arife 
from them, they could not have Heat 


and Elaſticity enough to expand them- 
ſelves very far. But the electric Matter, 


from its vaſt Subtilty and Velocity, ſeems: 


capable of making great Excurſions from 


theplanetary Syſtem; and therefore theſe- 


veral Comets in their long Excurſions from 
the Sun, in all Directions, may overtake 


khis Matter; and attracting it to them- 


felves may come back replete with it, 
and being again heated by the Sun, may 
diſperſe it among the Planets, and fo. 


keep up a Circulation of 'this Matter, 


which we have Reaſon to think 1 18 neceſ⸗ 


: oy in our ed. 


Sir Base, after giving his Opinion that. 
the aqueous Particles thrown off from 
Comets are taken up by the Planets as a 
Supply of Moiſture, adds: I ſuſpect 
moreover, That that Spirit which is the 


< leaſt, but the moſt ſubtile and the beſt 
Part of our Air, and is. neceſſary for 


0 \ſopgoering: the Life of all Things, 
© comes. 


* 
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comes chiefly from the Comets:'* which 5 


; ſhews that he thought the Tails of Co- 
X mets might conſiſt of ſomething more 
ih than watery Clouds and Vapours. What 
: he meant by theſe Words I cannot fay, 
but I chink they are extremely applicable 
== to that Kind of Matter which I have ſup- 
. poſed comes to us from the Comets; and 
* with which our Air generally abounds.. 
) 1 ſhalt now recapitulate, in a few 
. Words, the Subſtance of what has been 
IS faid. As. the Tail of a Comet, tho' ex- 
> ceedingly rare, yet meets with no Reſiſt- 
p ance in its rapid Motion round the Sun, 
(except ſo ſlight a one as can only cauſe a 
very ſmall Condenſation. on that Side of 


it which moves foremoſt; and thereby 

* may make it a little brighter than the 

0 other Side) it. cannot poſſibly move in a 

b Medium denſer and heavier than irſelf, 1 

-= 7 

in 9 Porro ſaſpicor 3 illum qui Aeris 

r noſtri pars minima, eſt, ſed ſubtiliſima & optima, - 
& ad rerum omnium vitam requiritur ex Cometis 

* ae venire. Principia, Pag. $1 $5 
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and therefore cannot be raiſed up front 


the Sun by the ſuperior Gravity of ſuch 
a Medium. And ſince the Tail is not ca- 


pable of reflecting or refracting the Light 
of the Stars, it cannot ſhine by reflecting 


the Sun's Light; and conſequently does 


pours, but is itſelf a ſhining Subſtance, 
the Nature of which it is the Buſineſs of 


| Philoſophers to diſcover. And from what 


Aſtronomers ſay of the Splendor of Co- 
mets Tails, I am perſuaded they do not 
| ſhine with ſuch a dull Light, as would be 

reflected to us by the Clouds or Vapours 
at ſo great a Diſtance, but with a briſker, 


tho' a glimmering Light, ſuch as would 


ariſe from a very thin volatile burning 
Matter. And here I muſt not omit an 


Obſervation of Dr. Halley's, which ſeems 
very much to my Purpoſe. In his De- 
ſcription of the rematkable Aurora Bore. 


alis ſeen in England in the Year 1716, 
(which 1 mentioned Before) ſpeaking | of 
the great Streams of Light, he ſays; 
D 4-4 2 much 0 e the long Tails. of 


0 men, 


— 


t 
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Comets, that at firſt Sight they might well 
be taken for ſuch, And afterwards, This 


_ Light ſeems te have a great Afinity 10 


that which the Efluvia of elefiric Bodies 


emit in the Dark.“ From whence we find 
that this accurate Obſerver perceived a 
Reſemblance between thoſe Subſtances 
that I have been comparing: together. 


Now I have ſhewn that they agree re- 


markably, not only in their Appearance, 
but alſo in ſuch Properties as we can ob- 
ſerve in each of them, and therefore I 


have ſuppoſed them to be Subſtances of 


the ſame Nature. I have alſo endeavour- 
ed to ſhew that the electric Matter, from 
its known Properties, is capable of exhi- 
biting to us all the Phænomena of Co- 


mets Tails, and that we may from thence 
aſſign the Uſe of Comets with more Pro- 


bability than has hitherto been done. 


J have been leſs ſcrupulous of pro- 
poſing ſuch Conjectures as occurred to 


me concerning the Subſtance that forms 


the Tail of a Comet, as I conſidered that 


5 » » Phill Tranſactions, Ne 347. 
though 
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though they ſhould hereafter appear 


groundleſs, as very poſſibly they may, yet 


others by examining them, and compar- 
ing them with future Experiments and. 
Obſervations, may probably be led to 
the Diſcovery of ſomething on this Sub- 
ject that will be more ſatisfactory. And I 
think every Hypotheſis relating to the 
Effects of the ele ric Matter, if at all 
plüauſible, may have its Uſe, by inducing. 
us to make further Enquiries into the 
Nature and Properties of that Kind of 
M,atter, from a Knowledge of which I. 

| ſuſpect our future Improvements in Na- 
tural Philoſophy will chiefly ariſe ; eſpe- 

_ cially in that Part of it which relates te 
Fire and Heat, the Nature of. which i 18. 


at n but little known. 
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PrINCIPLES or MECHANICKs, ® 


mikly uſed in treating of thoſe Engines 
that are called the Mechanick Powers; 


and to give an Account of the Principles 


on 


© This Effay was read at a Meeting of the 


Royal Society on the 21ſt and 23d of April 1765. 


communicated in a Letter, dated I 3 Jul 1762, 
> to 


Lg 


N this Eſſay I mean to offer 
& ſome Remarks on the Me- 
thods that have been com- 
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on which, I think, we may beſt explain 


their Nature and Manner of acting. 


The many uſeful a that 


have been ſo ingeniouſly invented, and 
fo ſucceſsfully executed, and the great 


Perfection to which the Mechanick Arts 


are now arrived, would naturally incline 


one to think that the true Principles on 


which the Efficacy and Operations of 
the ſeveral Machines depend, muſt long 
fince have been accurately explained. But 
this is by no Means a neceſſary Inference; 
for, however Men may differ in their 


Opinions about the true Method of ac- 
counting for the Effects of the ſeveral 
Machines, yet the practical Principles of 


Mechanicks are fo perfectly known by 
Experience and Obſervation, that the Ar- 
tiſt is thereby enabled to contrive and ad- 


185 the Movements of his Engines with 


to Matthew Raper, EI. F. R. 8. of Therley, in 

Heriferdfbire, Vide Phil. TranſaRions, Vol. LIII. 

1 5 —{ln which ſome Improvements have been ſince 
made by the Author] 


as 
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\ is much Certainty and Succeſs as he 

could do, were he thoroughly acquainted 
with the Laws of Motion, from which 
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t theſe Principles may be ultimately deriv- 
| ed. However, though an Inquiry | into 
t the true Method of deducing the prac- 
8 tical Principles of Mechanicks from the 
- Laws of Motion, ſhould perhaps not 
q contribute much to promote the Progreſs : 
f | of the Mechanick Arts, yet it is an En- 
> quiry in itſelf uſeful, and in ſome Mea- 
t ſure neceffary ; for, ſince late Authors 
3 have uſed very different Methods of treat- 
r ing this Subject, it may be ſuppoſed that 
_ no one Method has been looked upon as 
N jatisfactory and unexceptionable. I ſhould 
17 therefore wiſh to contribute towards hav- 
y. ing this Subject treated with more Accu- 
1 racy than has been hitherto done. 
h The moſt noted Theorem in Mecha- 
8 nicks is this, When two heavy Bo- 
dies counterpoiſe each other by Means 
9 « of any Machine, and are then made 
f to move together, the Quantities of 
a 3 i Sn... Motion 
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<© Motion with which one deſcends and 


« the other aſcends perpendicularly will 
cc be equal.” An ÆAgquilibrium always ac- 


companying this Equality of Motions, 


bears ſuch a Reſemblance to the Caſe 


wherein two moving Bodies ſtop each 


other when they meet together with 
equal Quantities of Motion, that many 


Writers have thought that the Cauſe of 


an Aquilibrium in the ſeveral Machines 
might be immediately aſſigned by ſay- 


ing, that ſince one Body always loſes as 


much Motion as it communicates to 
another, two heavy Bodies counteract- 
ing each other muſt continue at Reſt, 
when they are ſo circumſtanced that 


one cannot deſcend without cauſing the 


other to aſcend at the ſame Time, and 
with the ſame Quantity of Motion ; for 
then ſhould one of them begin todeſcend, 
it muſt inſtantly loſe its whole Motion 
by communicating it to the other. This 
Argument, however plauſible it may 


ſeem, Ithink is by no Means ſatisfactory; 
for when we ſay that one Body commu» | 
. nicates 
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nicates its Motion to another, we muſt 


neceſſarily ſuppoſe. the Motion to exiſt 


firſt in the one and then in the other; but 


in the preſent Caſe, where the two Bodies 


are io connected that one cannot poſſibly 
begin to move before the other, the de- 
ſcending Body cannot be ſaid to commu- 
nicate its Motion to the other, and there- 
by make it aſcend: But whatever we 
ſhould ſuppoſe cauſes one Body to de- 
ſcend, muſt be alſo the immediate Cauſe 


of the other's aſcending, fince, from the 


Connexion of the Bodies, it muſt act 
upon them both together, as if they 


were really but one. And therefore, 


without contradicting the Laws, of Moti-, 


on, 1 might ſuppoſe the ſuperior Weight, 


of the heavier Body, which is in itſelf 
more than able to ſuſtain the lighter, 
would overcome the lighter, and cauſe 


it to aſcend with the ſame Quantity of 


Motion with which the heavier deſcends, 
eſpecially. as both. their Motions, taken 


together, may be leſs than what the Dif. 
ie ot. the Weights, Which is here : 


* * % & #& 3 


2 ſuppoſed 


PP 
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ſuppoſed to be the moving Force, would 
be able to produce in a Body falling 
freely. 


However, as the Theorem abovemen- 
tioned is a very elegant one, it ought 


certainly to be taken Notice of in every 
Treatiſe of Mechanicks, and may ſerve 


as a very good Index of an Aquilibrium 

in all Machines; but I do not think 
that we can from thence, or from any 
one general Principle, explain the Na- 
ture and Effects of all the Mechanick 
Powers in a ſatisfactory Manner, becauſe 
ſome of theſe Machines differ very much 
from others in their Structures, and the 
true Reaſon of the Efficacy of each of 

them, is beſt derived from its IS Feen 
Structure. 


The ſimple Mechanick Powers are uſu- 


ally reckoned ſix; the Lever, Axle and 


Wheel, Pulley, Wedge, inclined Plane, 
and Screw. I ſhall conſider theſe Ma- 
iter ſeparately, and ſhall explain'the 


Nature 


WF 
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Nature and Property of each of them, 
by ſnewing from its Structure what 
Weight it will enable any given One 
to ſuſtain. 


The Lever is conſidered as an inflexi- 
ble Line, void of Weight, and move- 
able about a fixed Point called its Ful- 


crum or Prop. The Property of the 
Lever, expreſſed in the moſt general 
Terms, is this; © When two Weights, 
or any two Forces, act againſt each 
other on the Arms of a Lever, and are 
« in Æguilibrio, they will be to each 


« other inverſly as the perpendicular or 


« ſhorteſt Diſtance of their Lines of 
0 Direction from the Fulcrum,” 


| This Propoſition contains two Caſes, : 
for the Directions of the Forces may 


either meet in a Point or be parallel to 


each other. Moſt Writers begin their 


Demonſtration of this Propoſition with 


the lecond Caſe, which ſeems to be the 


ſimpleſt, and from which the other may 


4 A ö 8 » 3 5 43 * , 
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be deduced by the Reſolution of Forces. 
Archimedes, in his Demonſtration, ſets 
out with a Suppoſition, the Truth of 
which may reaſonably be doubted : For 


he ſuppoſes, that if a Number of equal 


| Weights be ſuſpended from the Arm of 
a Lever, and at Points equidiſtant from 
each other, whether all theſe Points be 
- at the ſame Side of the Fulcrum, or ſome 
of them on the oppoſite Side, theſe 
Weights will have the ſame Force to turn 
The Lever as they would have were they 
all united and ſuſpended from a Point 
which lies in the Middle between all the 
Points of Suſpenſion, and may be con- 
ſidered as the common Center of Gravity 
of all the ſeparate Weights, Mr. Huygens, 
in his Miſcellaneous Obſervations on Me- 
 chanicks, ſays that ſome Mathematicians 


have endeavoured, by altering the Form 
of this Demonſtration, to render its De- 
ſets leſs ſenſible, though without Suc- 


ceſs. He therefore propoſed another 


Proof, which is extremely tedious and 


prolix, and alſo * on a Paſtulatum 


that, 


cc 


cc 
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that, I think, ought not to be granted 
on this Occaſion ; it is this:“ When 
© two equal Bodies are placed on the 


ce Arms of a Lever, that which is fur- 


c theſt from the Fulcrum will prevail and 
cc raiſe the other up. ” Now this is tak - 


ing it for granted, in other Words, that 


a ſmall Weight placed further from the 
Fulcrum will ſuſtain or raiſe a greater 
one. The Cauſe and Reaſon of which 
Fact muſt be derived from the Demon- 
ſtration that follows, and therefore this 
Demonſtration ought not to be founded 
on the ſuppoſed Self- evidence of what is 
partly the Thing to be proved. 


k Sir Jſaac Newton' 8 Demonſtration -of- 
this Propofition is indeed very conciſe, 


but it depends on this Suppoſition: That 


when from the Pulcrum of a Lever ſeveral 


Arms or Radii iſſue out in different Di- 


rections, all lying in the ſame vertical 
Plane, a given Weight will have the 
ſame Power to turn the Lever from 


which-ever Arm it hangs, provided the 
"1 Diſtance | 
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4 Pound (for Inſtance) will ſuſtain another 
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Diſtance - of its Line of Direction from 


the Fulcrum remains the ſame. Now it, 


muſt appear difficult to admit this 


Suppoſition, when we conſider that the 


Weight can exert its whole Force to turn 
the Lever only on that Arm which is 
the ſhorteſt, and is parallel to the Hori- 


20n, and on which it acts perpendicu- 


larly, and that the Forces which it exerts, 
or with which it acts perpendicularly, on 


any one of the oblique Arms, muſt be 


inverſly as the Length of that Arm, 


which is evident from the Reſolution of | 


Forces. 


Mr. Maclaurin, in his View of Newton's 


Philoſophy, after giving us the Methods 


by which Archimedes and Newton prove 


the Property of the Lever, propoſes one 
of his own, which, he ſays, appears to 
be the moſt natural one for this Purpoſe. 


From equal Bodies, ſuſtaining each other 
at equal Diſtances from the Fulcrum, he 
ſhews us how to infer that a Body of one 


of 
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of two Pounds at Half its Diſtance from 
the Fulcrum, and from thence that it will 
ſuſtain one of three Pounds at a third 
Part of its Diſtance from the Fulcrum ; 
and going on thus, he deduces, by a Kind 
of Induction, what the Proportion is in 
general between two Bodies that ſaſtain 


each other on the Arms of a Lever. But 


this Argument, were it otherwiſe ſatis- 
factory, yet as it cannot be applied, 


when the Arms of the Lever are incom- 


menſurable, it cannot conclude general- 


ly, and therefore is imperfect. 7 


There are ſome Writers on Mecha- 
nicks who, from the Compoſition of 
Forces, demonſtrate that Caſe of the ge- 


neral Propoſition, relating to the Lever, | 
in which the Directions of the Forces are 


oblique to each other, and meet in a 


Point: But I do not find that they have 


had any other Way of proving the ſecond 


Caſe, in which the Directions of the 


Forces are parallel, but by conſidering 


theſe Directions as making an Angle 
8 6 with 
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with each other, tho' an infinitely ſmall 
one, or as meeting at an infinite. Diſ- 
tance; which Way of Reaſoning is not 
to be admitted in Subjects of this Kind, 


where the Proof ſhould always ſhew us, 


directly from the Laws of Motion, why 
the Concluſion muſt be true, in ſuch 


manner that we might fee clearly the 
Force of every Step from the firſt Princi- 
| ples down to the Concluſion, which we 


are prevented from doing when any ſuch 


arbitrary and e een is 


introduced. 


From thus conſidering the various 


Proofs that have been given of this fun- 
damental Propoſition in Mechanicks, we 
may ſee the Reaſon why many ſubſequent 


Writers have appeared diſſatisfied with 


the former Demonſtrations, and have 
looked for new ones; I ſhall now pro- 


poſe two Methods of demonſtrating it, 


merely from the Compoſition and Reſo- 


lution of Forces. The he Mo _y 


be IRE as follows. 


 M When 
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*« When three Forces act upon an 
« inflexible Line, whether ſtraight or 


« crooked, and keep it in Æguilibrio, 


© any two of them will be to each other 
© inverſly as the perpendicular Diſtan- 
* ces of their Lines of Direction from 
that Point to which the third Force 
by is applied.” 


Let the three Forces E, 8. F. (Fig. 2.) 
act upon three Points A, B, D, in an in- 
flexible Line; and firſt let the Directions 


of the Forces E and F (which act on the 
ſame Side of the Line) meet in the Point 


C. Then it is evident that the Force, 


which is compounded of theſe two, muſt 
act upon the Line ABD in the Direction 
of a right Line that paſſeth through the 
Point C, conſequently the Force G, 

which ſuſtains this compounded Force, 
muſt be equal thereunto, and muſt act 
in a contrary Direction; therefore the 


- Force G muſt act in the Direction of the 
Line CB. From the Point B draw BH 


ns B K perpendicular to the Directions 


G 4 . 
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of the Forces E and F, and draw BM 
and B N parallel to theſe Dire&ions 
forming the Parallelogram BMCN; 
then, ſince theſe three Forces are in AÆgqui- 

- librio, they muſt be to each other reſpec- 
tively as the Sides and Diagonal of this 

Parallelogram to which their Directions 
are parallel, therefore E is to Fas C M 
to C N, or M B, that is (becauſe the 
Sides of a Triangle ate as the Sines of 

the oppoſite Angles) as the Sine of the 

Angle, MB C or its alternate one, 

B CN to the Sine of the Angle BC M; 
but, making C B the Radius, B K is the 

Sine of the former Angle, and B H of 

the latter, therefore E is to F as B K to 

BH, ſo that the Forces E and F are to 
each other inverſly as the perpendicular 

_ Diſtances of their Lines of. Direction 
from the Point B, on which the third 

Force G acts. Now to compare the For- 

ces F and together; from the Point 

| A, on which the third Force acts, draw 
AB and AL perpendicular to the Di- 

rections of the Forces G and F, then, as 
| Was 
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was ſaid before, F is to G as MB is 
to CB, but MB is to CB as AB to | 


AL ; becauſe, making C A the Radius, 
AB is the Sine of the Angle M CB, 


and AL is the Sine of the Angle MCN, 
or CMB its Supplement to two right 
ones; therefore the Forces F and G are 
to each other inverſly as the perpendicu- 
lar Diſtances of their Lines of Direction 
from the Point A, on which the third 
Force E acts; and thus the firſt Caſe of 
the Propoſition is proved, in which the 
Forces act againſt each other 1 in oblique 


Directions. 


We muſt now conſider what Parts of 
the Forces E and F act againſt the Force 
S in Directions parallel to G C, for it is 
ſuch Parts only that really oppoſe the 

Force G, and keep it in Æquilibrio, and 

. from thence we ſhall ſee what Proportion 
two Forces muſt have to each other when 
they are in #quilibrio, and act in parallel 
a Directions. Loet the three Forces act 
upon. the Points A, B and D, (Fig. 3.) 
8 3 let 
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let them be in AEquilibrio, and their 
Lines of Direction meet in the Point C, 
as in the preceding Caſe ; then if the 
Points A, B and D, are not in a right 
Line, draw the Line AD meeting 2 
in P, and from P draw PN and PM 
parallel to the Directions of the Forces 
E and F; through the Points A and D 
draw Lines parallel to B C, and thro' B 
draw a Perpendicular to theſe Lines 1 
meeting them in H and K; from the 8 
Point M draw MO parallel to AD, and | 
meeting B C in O. Now the three For- - 
ces E, G and F, that are in Azquilibria, | 
will be to each other reſpectively as the 
Sides of the Triangle CM P, as in the 
preceding Caſe; but the F orce E, which 
is denoted by the Line M C, may be re- 
ſolved into two Forces acting in the Di- 
rections M O and O C, the former of 
theſe only urges the Point A towards D, 
and the latter acts in direct Oppoſition to 
the Force G; in like Manner the Force 5 
F, which is denoted by the Line PM, 5 
may be reſolved into two Forces acting 
in 


in the Directions O M and PO, the 
former of which only urges the Point D 
towards A, and the latter acts in direct 


Oppoſition to the Force G; now it is e- 
vident that the Force G, which is denoted 


by the Line P C, is ſuſtained only by 


| thoſe Parts of the Forces E and F, which 
act againſt it, in Directions parallel to 
B C, and are denoted by the Lines OC 


and PO, which, taken together, are e- 


qual to P C, for the other Parts of the 
Forces E and F which are denoted by 
MO, are loſt, being equal and contrary 
to each other; if, therefore, inſtead of 
the Forces F and E, we ſuppoſe two o- 
ther Forces R and L, to a& on the 
Points D and A, in Directions parallel 
to B C, and to keep the Force G in Ægui- 
librio, it follows, from what has been 
proved, that R and L, taken together, 
will be equal. to G, and that theſe three 
Forces will be to each other reſpectively 
as the Lines PO, OC and PC; there- 
fore R will be to L as (PO to O C, that 
is, as A N to MC, or as A to PD, 
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or) HB toBK, conſequently the Forces | 
R and L are to each other inverſly as the 
perpendicular Diſtances of their Lines of 
Direction from the Point B, to which the 
third Force is applied. Now to compare 
the Forces R and G together; ſince the 
Forces R and L may be denoted by BH 
and B K, and are both together equal to 
G, that Force will be denoted by the 
whole Line K H, and therefore R will 
be to Gas B H to K H; fo that theſe 
Forces are alſo to each other inverſly as 
the perpendicular Diſtances of their Lines 
of Direction from the Line of Direction 
of the third Force L; and thus the ſe- 
cond Cafe of the Propofition is proved, 
in which the Forces act againſt each o- 
ther in parallel Directions. If the Point 
in the inflexible Line, to which one of 
the Forces is applied, ſhould become a 
fixed Point, or Fulcrum, round which 
the Line may turn, it is evident that the 
other two Forces will continue in Zqui- - 
librio, as they were before, and there- 
g the Wen of the Leyer, in all 
| | Caſes, 


OF MECHANICKS. 152 | 

Cakes, is manifeſtly proved by this Pro- | 

1 88 9 i 

5 The Center of Gravity of a Body is ; 
| faid to be that Point which being ſuſlain- | 1 
ed, or prevented from deſcending, the 4 
Hh Body will continue at reſt. From hence 1 
E it follows, that when a Body hangs freely 1 

from a ſingle Point, and continues at | 
| reſt, its Center of Gravity will lie per- 1 
3 pendicularly under the Point of Suſpen- I 
F ſion; for in that Situation only it will be | 
TH fuſtained, and can deſcend no lower. [ 
— From this Property, which agrees ; 
„ BB likewiſe to the common Center of Gra- 


= vity of two Bodies, joined together by an 
t inflexible right Line, and which may 
f then be conſidered as one, I ſhall ſhew that 
1 their Center of Gravity is a Point in the 
\ Line that joins them together, ſo ſituated 
* that the Diſtances of the two Bodies from 
-i are to each other inverſly as their 
> Weights. This Theorem concerning 
; dhe Poſition of the common Center of 
A | | Cong 
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Gravity of two Bodies, which is a very 
noted one in Mechanicks, I have never 


ſeen demonſtrated otherwiſe than by in- 
ferring it from the general Property of 


the Lever: But I think the Method I 


ſhall now propoſe of deducing it dire&- 
ly from the Definition of the Center of 


Gravity, 1s the moſt conciſe, as well as 


the moſt natural, and, beſides, it will 
afford us a very eaſy Way of demonſtrat- 


8 the een of the Lever. 


Let the two Bodies A and B Gig. 4. 1 
be joined by an inflexible right Line paſſ- 


ing through their Centers of Gravity, 


and let them be ſuſpended from the fixed 


Point or Pin at P, by the Threads A P 


and BP, fo that they may hang freely 
in ſuch a Poſition as their joint Gravity 
will give them. When theſe Bodies con- 


tinue at reſt, their common Center of 


Gravity muſt lye directly under the Point 
of Suſpenſion, or in the perpendicular 


Line PL, conſequently it muſt be at the 


Point Cc the Interſection of the Lines 


PL 


1 . 8 2 FEES 
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PL and AB; the Poſition of which 


Point, in the Line A B, will be determin- 


ed by finding out the Proportion between 
the Segments & A and CB. If the inflex- 


ible Line was not interpoſed between 


theſe Bodies, they would move till their 
Threads coincided with the perpendicular 


Line PL; fince therefore they are kept | 
aſunder by this Line they muſt urge it with 
certain Forces in oppoſite Directions, and 


_ theſe urging Forces muſt be equal, ſince 
the Line on which they act continues at 


reſt; and therefore the Force with 


i which each Body urges the other in the 


Direction of this Line, may be denoted - 


by the ſame Letter U, and we may de- 


note the Weights of the two Bodies re- 


ſpectively by the Letters A and B. Now 
the Body A is acted upon by three Forces, 
viz, by its Weight A in the Direction 


P C, by the Force U, with which the 


other Body urges it, in the Direction C A, 
and by the Reaction of the Pin in the Di- 
rection AP, and ſince theſe three Forces 


are in Æguilibrio, and keep the Body at 


reſt, 
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154 ON THE PRINCIPLES | 
reſt, they are to each other reſpectively 
as the Sides of the Triangle PCA; 
therefore A is to U, as PC to CA. In 
like Manner the Body B is urged by 
three Forces, viz. its Weight B in the 
Direction PC, the urging Force U in 
the Direction C B, and the Reaction of 
the Pin! in the Direction B P, which For- 
ces are to each other as the Sides of the 
Triangle PCB, therefore U i is to B, as 
CB to P C, and therefore (ex quo per- 
turbate) A is to B, as C B to C A, con- 
ſequently the Weights of the Bodies A 
and B are to each other inverſly as their 
Diſtances from the Point C, which lies 
directly under the Point of Suſpenſion, 
and is therefore their common Center of 
Gravity. 


When two Bodies are connected by 
an inflexible Line, and this Line is ſup- 
ported by a Prop, ſo that their Center of 
Gravity cannot deſcend, the Bodies muſt 
continue at reſt, and will be in Æquilibrio. 
Therefore i is eaſy to ſee how, from the 
. © 5 N Theo- 


W 


- 
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Theorem now demonſtrated, we may 
prove the Property of the Lever in that 
Caſe where the Directions of the Forces 


are parallel; and from thence the other 


Caſe, in which the Directions are oblique 
to each other, may be deduced by the 
Reſolution of Forces, as is uſually done, 


And this is the ſecond Method by which 
I faid the general Property of the Lever 
might be SIP e 


The Lever is the moſt ſimple of all 


the Mechanick Powers, and to it may 
be reduced the Balance and the Axis in 
Peritrochio, or Axle and Wheel. Though 
I do not conſider the Balance as a diſtinct 
Mechanick Power, becauſe it is evidently 


no other than a Lever fitted for the parti- 
cular Purpoſe of comparing the Weights 
of Bodies, and does not ſerve for railing 
great Weights or overcoming Reſiſtances | 
as the other Machines do. 


When a Weight is to be raiſed by 


| Means of an Axle and Wheel, it is faſ- 
tened 


x56 ON THE. PRINCIPLES 


tened to a Cord that goes round the 

Axle, and the Power, which is to raiſe 

tt, is hung to a Cord that goes round the 
Wheel. If then the Power be to the 

N Weight as the Radius of the Axle to 
the Radius of the Wheel, it will juſt 
ſupport that Weight; as will eaſily ap- 

pear from what was proved of the 
Lever. For the Axle and Wheel may 
be conſidered as a Lever, whoſe Fulcrum 

is a Line paſſing through the Center 
of the Wheel and Middle of the Axle, 

and whoſe long and ſhort Arms are the 

| Radii of the Wheel and Axle which 

are parallel to the Horizon, and from 
__. whoſe Extremities the Cords hang per- 
pendicularly. And thus an Axle and 

Wheel may be looked upon as a Kind- 

of perpetual Lever, on whoſe Arms 
the Power and Weight always act per- 

pendicularly, tho' the Lever turns round 

its Fulcrum. And in like Manner, when 

Wheels and Axles move each other 
by Means of Teeth on their Periphe- 

ries, ſuch” a Machine is really, a per- 

petual 
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ſidering it as ſuch, we may compute 
the Proportion of any Power to the 
Weight it is able to ſuſtain by the Help 
of ſuch an Engine. And fince the Radii 


of two contiguous Wheels, whoſe Teeth 
are applied to each other, are as the 
Number of Teeth in each, or inverſly 

as the Number of Revolutions, which 
they make in the ſame Time; we may, 
in the Computation, inſtead of the Ratio 


of theſe Radii, put the Razio of the Num- 


ber of the Teeth on each Wheel; or the 
inverſe Ratio of the Number of Revolu- 
tions n make in the lame nd 


4 Wrizers have: vid the Na- | 


ture and Effects of the Pulley might be 


beſt explained by conſidering a fixed 


Pulley as a Lever of the firſt, and a 
moveable Pulley as one of the ſecond, 


Kind. But the Pulley cannot properly 
be conſidered as a Lever of any Kind, 


for when any Power ſuſtains a Weight 
. Means of a Syſtem of Pullies, that 


Power 


j « 
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Power will ſuſtain the ſame Weight if 
the Pullies be removed „ and the Ropes 
be brought over the Axles on which 
the Pullies turned. And in this Caſe 
I believe no one would ſay, that theſe 
Axles could be conſidered as Levers, 
If the Weight was to be raiſed up, there 
would, in this Caſe, be. a very great 


Reſiſtance from the Friction of the 


Ropes on the Axles ; and it is merely 
to avoid this Reſiſtance that Pullies are 
_ uſed, which move round the Axles with 


but little Friction. I think the beſt 
and moſt natural Method of explaining 


the Effects of the Pulley (that is, "of 
; computing the Proportion of any Power 


to the Weight it can ſuſtain by Means 


of any Syſtem of Pullies) is by conſi- 
dering that every moveable Pulley hangs 
by two Ropes equally ſtretched, which 
muſt bear equal Parts of the Weight; 
and therefore when one and the ſame 


Rope goes round ſeveral fixed and move- 


able Pullies, ſince all its Parts on each 
Side of the Pullies are equally ſtreteh 


ed, 
the 


Cs: 
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the whole Weight muſt be divided equal- 
ly amongſt all the Ropes by which the 
- moveable Pullies hang. And conſequent- 


ly if the Power which acts on one Rope 


be equal to the Weight divided by the 
Number of Ropes, that Power muſt ſuf- 
tain the Weight. 8 


"Upon this Principle, the Proportion 


of the Power to the Weight it ſuſtains 


by Means of any Syſtem of Pullies, 


may be computed in a Manner ſo eaſy 
and natural, as muſt be obvious to very 


common Feds 


The [Proportion which any Peer 


bears to the reſiſting Force it is able 

to ſuſtain by Means of a Wedge, has 

been laid down differently by different 
Authors, as they happened to conſider 
it in particular Caſes. Without examin- 
ing their ſeveral Opinions, I ſhall en- 
deavour to expreſs this Proportion 1 in one 
5 general Propoſition, which may extend 


to 


1 
& 
1 
i* 
i# 

1 
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to the ſeveral Caſes in which the e Wedge 
is . 


5 Let the Aquicrural Triangle AB Þ 


(Fig. 5.) repreſent a Wedge, whoſe Baſe 


or Back is A C, and Sides are the Lines 
AB and CB, and whoſe Height is the 
Line BP, which biſects the vertical 
Angle ABC, and alſo, the Baſe per- 
pendicularly in P. When a Power is ap- 
plied to the Wedge, in order to overcome 
or remove any reſiſting Forces, it acts 
| perpendicularly on the Back of the 


Wedge, and the reſiſting Forces act on 


its Sides, and they are always ſuppoſed 
to act in Directions that make equal An- 
gles with the Sides. When the reſiſting 


Forces and the Power, that acts on the 


5 Wedge, are in Eaquilibrio, the former 
will be to the latter, as the Height of the 
Wedge to a Line drawn from the Middle 


of the Baſe to one Side, and parallel to 


the Direction in which the n Force 
as on chat a 
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Let E and F repreſent two Bodies 
or two reſiſting Forces acting on the 


Sides of the Wedge perpendicularly, and 


whoſe Lines of Direction E P and FP 


meet at the Middle Point of the Baſe, 


on which the Power P acts perpendicu- 
larly, then will EP and FP be equal, let 


the Parallelogram ENFP be compleated, 


its Diagonals PN and EF will biſect each 
other perpendicularly in H. Now when 


| theſe Forces (which act perpendicularly 


on the Sides and Baſe of the Wedge) are 
in Aquilibrio, they will be to each other 


as the Sides and Diagonal of this Parallel- 
ogram, that is, the Sum of the reſiſting 


Forces will be to the Power P, as the 
Sides BP and FP to the Diagonal PN, 
or as one Side E P to half the Diagonal 
P H, that is (from the Similarity of the 


right-angled Triangles BEP, EHP) 


as B P, the Height of the Wedge, to EP 
the Line which is drawn from the Mid- 


dle of the Baſe to the Side A B, and is 
the Direction in which the —__ e 


acts on that Side. 
"Sp 
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From the Demonſtration of this Caſe, 
in which the reſiſting Forces act perpen- 


_ dicularly on the Sides of the Wedge, it 


appears that the Reſiſtance is to the 
Power which ſuſtains. it, as one Side of 
the Wedge AB is to the Half of its 
Breadth AP; deim A is to A P as 
BPis to EP. 


0 11 appears alſo 4 hence, that if NN 


be made to denote the Force with which 
the Power P acts on the Wedge, the 
Lines P E and P F which are perpendi- 


cular to the Sides, will denote the Force 


with which the Power P protrudes the 
r eſiſting Bodies in Directions perpendi- 
cular to the Sides of the Wedge. 


Let us now ſuppoſe, | in the ſecond 
Caſe, that the reſiſting Bodies E and F 
act upon the Wedge in Directions parallel 


to the Lines DP and O P, that are e- 
qually inclined to its Sides, and meet in 


the Point P. Draw the- Lines E G and 


* perpendicular to P P and OP; 
then 


r Ä de ee. OA Nos os 
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then making PN denote the Force 
with which the Power P acts on the 


Wedge, PE and PF will denote the 
Forces with which it protrudes the 
reſiſting Bodies in Directions perpendi- 

cular to the Sides of the Wedge, as 1 
obſerved before; now each of theſe. For- 

ces may be refolved into Two; denoted _ 
reſpectively by the Lines PG and G E, 


PK and K F, of which GE and KF 


will be loſt, as they act in Directions 
perpendicular to thoſe of the reſiſting 


Bodies, and PG and PK will denote 


the Forces by which the Power Pop 
poſes the reſiſting Bodies, by protruding 
them in Directions contrary to thoſe in 


which they act on the Wedge; there! 
fore when the reſiſting Forces are in 
| Aguilibrio with the Power P, the for: 


mer muſt. be to the latter, as the Sym 
of the Lines PG and P K is t N 
or as PG is to PH, that is, as PB, 
the Height of the Nee is to # D* 
| 3-40 T6 _ the 
10 [PG i 70 PH as PBuP £4 The 


right-angled | Triangles PG E and PED are 
G H imilar, 
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the Line drawn from the Middle of the 


Baſe to one Side of the Wedge and pa- 


rallel to the Direction in which the re- 
2 Force acts on that Side. 


From what has been dechoniratsd, 


we may deduce the Proportion of the 


Power to the Reſiſtance it is able to 
ſuſtain in all the Caſes in which the 


Wedge is applied. Firſt, when in cleav- 


ing Timber the Wedge fills the Cleft, 
then the Reſiſtance of the Timber acts 
perpendicularly on the Sides of the 
Wedge, therefore in this Caſe, when 


the Power which drives the Wedge, i is 


3 


1 19 TR the Angle at P common to 
both; therefore P G is to PE as pP E to 
PD; ſo likewiſe the right-angled Triangles 
PHE and PEB are ſimilar, and therefore 
PH is to P E as PE to PB; therefore the 
Rectangles PG into PD and PH into PB. 
are equal, each of them being equal to the 
Square of P E, conſequently their Sides are re- 
ciprocally proportional, chat is, PG is to PH 
| as P B to p Ys 


„ 
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to the coheſive Force of the Timber, 
as Half the Baſe, to one Side of the 
Wedge, the Power and Reſiſtance will 


be in Aquilibrio. 


|Sexondly,, when the Wedge dars not 
exactly fill the Cleft, which generally : 
happens, becauſe the Wood ſplits to 
ſome Diſtance before the Wedge. Let 
E L F repreſent a Cleft into which the 
Wedge ABC is partly driven; as the 
reſiſting Force of the Timber muſt act 


on the Wedge in Directions perpendi- 


cular to the Sides of the Cleft, draw 


the Line P D in a Direction perpendi- 


cular to E L the Side of the Cleft, 
and meeting the Side of the Wedge in 
D; then the Power driving the Wedge 
and the Reſiſtance of the Timber, when 

they balance, will be to each other as 


the Line PD to PB the e of the 


W 


'T kirdly, when a Wedge is employed 1 
to ſeparnze two Bodies that lie together 
| 33 2 n 
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on an horizontal Plane, for Inſtance 
two Blocks of Stone; as theſe Bodies 
muſt recede from each other in hori- 
zontal Directions, their Reſiſtance muſt 
act on the Wedge in Lines parallel to 
its Baſe C A; therefore the Power which 
drives the Wedge will balance the Re- 
ſiſtance when they are to each other 
as PA, Half the Breadth of the Wedge 
to P B its Height; and then any addi- 
tional Force ſufficient to overcome the 
Reſiſtance ariſing from the Friction of 
the Bodies on the horizontal Plane will 
t them from cack pr. 
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The fnclined W is reckoned by 
ſome Writers among the mechanick 
Powers; and I think with Reaſon; as it 
may be uſed with 1 in N 
Weights. RY | 


Let the Line A B (Fig. 6. ) repre- 
ſent the Length of an inclined Plane, 
A D its Height, and the Line B D we 


may call its . Let the circular Body 
| 55 E F 


y 


it ; 
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GEF be ſuppoſed to reſt on the inclin- 
ed Plane, and to be kept from falling 


down it by a String CS tied to its 
Center C. Then the Force with Which 
this Body ſtretches the String will be 


to its whole Weight, as the Sine of 


AB D the Angle of Elevation, to the 
Sine of the Angle which the String 
contains with a Line perpendicular to 
AB the Length of the Plane. For let 
the Radius C E be drawn perpendicular 
to the Horizon, and C F perpendicular 
to A B, and from E draw E O parallel 
to the String and meeting C in O. 

8 Then, as the Body continues at Reſt and 
is urged by three Forces, to wit, by its 
Weight in the Direction C E, by the 
Re- action of the Plane in the Direction 
F C, and by the Re- action of the String 
in the Direction E O TH the Re-action 
of the String, or the Force by which it 


is ſtretched, is to the Weight of the 


Body, as EO to C E: That is, as the 
Sine of (the Angle E C O, which. is. 
5 equal to) ABD the Angle of Eleva- 
tion, 
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tion, to the Sine of the Angle E O ©, 
equal to SCO, the Angle which the 


String contains with the Line C F per- 


pendicular to AB, the Length of the 
- Llane. 


the Body GE F, to be faſtened at S, 


and that a Force, by acting on the 


Line A D, the Height of the Plane, in 


g 2 Direction Parallel to the Baſe B D, 


drives 


0 


When therefore the Scring' is e | 
to the Length of the Plane, the Force 
with which it is ſtretched, or with 
which the Body tends down the in- 
clined Plane, is to its whole Weight, 
as the Sine of the Angle of Elevation 
to the Radius, or as the Height of the 
Plane to the Length. And in the ſame 
Manner it may be ſhewn, that when 
the String is parallel to B D, the Baſe 
of the Plane, the Force with which it 
is ſtretched is to the Weight of the 
Body, as AD to BD, that is, as the 
Height of the Plane to its Baſe. , If 
we ſuppoſe the String, which ſupports 


ae , ace 
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drives the inchned Plane under the 


Body, and by thar Means makes it riſe 
in a Direction parallel to AD. Then, 
from what was proved in the third 
Caſe of the Wedge, it will appear, that 
this Force muſt be to the Weight of 
the Body, as AD to BD, or rather 
in a Proportion ſomewhat greater: If it 
makes the Plane move on and the Body 
= riſe. EEE. os 35 — 


From this laſt Obſervation we may 
clearly ſhew the Nature and Force of 
the Screw; a Machine of great Efficacy 


in raiſing Weights, or in preſſing Bodies 


cloſely together. For if the Triangle 
ABD be turned round' a Cylinder 
| whoſe Periphery is equal to B D, then 
the Length of the inclined Plane BA 
will riſe round the Cylinder in a ſpiral 
Manner; and form what is called the 
Thread of the Screw, and we may 
ſuppoſe it continued in the ſame Man- 
ner round the Cylinder from one End 
to the other ; and A D the Height | 
of 
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270 ON THE PRINCIPLES 
of the inclined Plane will be every 
where the Diſtance between two conti- 


guous Threads of this Screw, which is 
called a Convex Screw. And a Con- 


cave Screw may be fo med to fr this | 


exactly, if an inclined Plane every Way 
like the former be turned round the 
Inſide of a hollow Cylinder, whoſe Pe- 


riphery is ſomewhat larger than that of 


the other. Let us now ſuppoſe the Con- 


cave Screw to be fixed, and the Convex _ 
one to be fitted into it, and a Weight 


' to be laid on the Top of the Convex 


Screw: Then, if a Power be applied to 
the Periphery of this Convex Screw to- 
turn it round, at every Revolution the 
Weight will be raiſed up through. a 
Space, equal to the Diſtance between 
the two contiguous Threads, that is, to 
the Line A D the Height of the in- 
flined Plane B A; therefore ſince this 
Power applied to the Periphery, acts in 
a Direction parallel to B D, it muſt he 
to the Weight | it FIR” AS. A D toB D, 

2 | Qr 


or as the Diſtance between, two conti- 
guous Threads, to the Periphery of the 


Convex Screw; which Diſtance between 


two contiguous Threads is to be meaſured 


by a Line parallel to the Length of the 
Screw. If we now ſuppoſe that a Hand- 


ſpikeor Handleis inſerted into theBottom 
of the Convex Screw, and that the Power 
which turns the Screw is applied to the 


Extremity of this Handle, which is ge- 
nerally the Caſe; then as the Power is re- 
moved farther from the Axis of Motion, 
its Force will be ſo much encreaſed, and 
therefore ſo much may the Power ' itſelf 
be diminiſhed. So chat the Power, which, | 
acting on the End of 'a Handle, fuſ- 
tains a Weight by Means of a Screw, 
will be to that Weight, as the Diſtance 


between two contiguous Threads of the 


Screw, to the Periphery deſcribed by the 


End of the Handle. In this Caſe we may 


| conſider the Machine as compoſed of a 
Screw and a Lever, or as Sir Iſaac New- 
. ton expreſſes it, Cuneus a vette impulſus. 
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172 ON THE PRINCIPLES, . 
Of any two or more of theſe ſimple 
Michines combined together, all other 
Machines, however complicated, are com- 
poſed. And their Powers and Manner of 
acting may therefore be explained from 
the Principles here laid down. 
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